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PEEFACE. 


TriK  inttTGst  whidi  Antiseptic  Surgery  hns  awnkened 
tbroujifhout  the  profession  has  led  to  uiany  public  ikbat4?s 
and  to  the  ace n mi i la t ion  of  a  ^n*eat  mass  of  literature  on 
the  subject.  The  time  seems  now  to  have  come  for  a 
detailed  account  and  discnssion  of  the  whole  matter,  and 
it  is  with  the  view  of  furnishing  sucli  an  account  that 
the  present  volume  ha*;  been  published.  The  cjuestion 
might  have  been  dealt  with  in  two  ways  ;  either  by  the 
discussion  of  the  present  standpomt  of  the  principles  and 
practice  of  Antiseptic  Surgery,  with  but  little  reference 
to  former  literature  ;  or,  as  I  have  attemjited  to  do,  by 
tracing  in  addition  the  development  of  its  theor)*  an<l 
j»ractice,  and  following  out  and  criticising  the  various 
steps  by  which  the  present  state  of  knowledge  on  the 
subject  has  been  reached.  The  former  mode  might  no 
<loubt  have  produced  a  shorter  work.but  it  could  not  have 
l)een  made  complete  in  the  present  transitory  state  of  our 
knowledge,  and,  taken  alone,  it  would  have  necessarily 
raised  side  issues  confusing  to  readers  unacquainted  with 
the  earlier  literature.  I  have  therefore,  in  addition  to 
the  discussion  of  the  present  state  of  knowledge  on  the 
subject,  tried  to  trace  out  its  development,  and  1  have 
done  this  the  more  readily  l>ecause  it  seems  to  me  that 
when  an  attempt  is  made,  almost  for  the  tirst  time,  to 
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discuss  fully  a  new  department  of  science,  the  work  of 
those  who  have  chiefly  helped  by  experiment  or  criticism 
to  build  it  up  should  be  acknowledged  and  properly 
estimated.  Such  a  way  of  treating  the  subject  will 
perhaps  also  supply  a  want  to  those  who  have  not  the 
time  nor  the  opportunity  of  searching  out  the  literature 
for  themselves.  Among  other  facts  which  have  been 
brought  forward  here  I  may  draw  special  attention  to  the 
following,  which  I  think  have  been  now  made  certain : — 
Fermentations  in  wounds  occur  as  the  result  of  the 
entrance  of  particles — micro-organisms — from  without ; 
a  variety  of  methods  of  treatment  may  be  grouped  under 
the  heading  *  Antiseptic  treatment '  ;  lives  are  saved  in 
proportion  to  the  asepticity  of  the  wound,  and,  when 
the  wound  is  kept  aseptic,  infective  diseases  more 
especially  are  avoided  ;  the  aseptic  or  Listerian  method 
prevents  the  development  of  micro-organisms  and  the 
occurrence  of  fermentation  in  wounds. 

Portions  of  this  work  have  been  previously  published. 
Some  investigations  on  micro-organisms  in  wounds  and 
on  temperature  after  operations  fonned  part  of  my  essay 
which  gained  the  Syme  Surgical  FelloAvship  of  the 
University  of  Edinburgh  in  1877.  I  have  since  that 
time  repeated  and  extended  these  investigations.  In 
the  essay  to  which  was  awarded  the  Boylston  Medical 
Prize  and  the  Boylston  Gold  Medal  *  of  the  Harvard 

'  By  an  order  adopted  in  1826  the  Secn^tary  of  the  Boylston  Prizo 
Committee  was  directed  to  publinh  anniially  the  foUowing  votes : — 

Ist.  That  the  Board  do  not  consider  themsu'lves  a*<  approving  the 
doctrines  contained  in  any  of  the  dissertations  to  whicli  premiums  may  ht; 
adjudged. 

3nd.  That  in  case  of  publication  of  a  successful  dissertation,  the  author 
be  considered  bound  to  print  the  above  vote  hi  connection  therewitli. 
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Univereityj United  States,  in  1880, 1  (lisciisse<l  tlie  various 
methods  of  Antiseptic  Surgery  and  tlie  best  modes  of 
applying  them  to  practice.  And,  in  1881,  the  council 
of  the  College  of  Surgeons  of  England  awardetl  me  the 
Jacksonian  prize  for  a  discussion  of  the  history,  prin- 
ci[>k's,  practice,  and  results  of  Antiseptic  Surgery,  This 
>vork  is  tlie  outcome  and  development  of  these  essays. 

The  drawings  in  this  book  (KutU  the  woodcuts  and 
the  plates)  have  been  made  by  Mr.  Edgar  Thurston, 
to  whom  I  an]  much  indebted  for  the  great  pains  Avhich 
he  has  bestowed  in  their  preparation.  Mr,  Groves  also 
kindly  took  s(nne  photographs,  from  "vvliich  certain  of 
the  woodcuts  have  been  drawn.  Dr.  Heron  has  ren- 
dered me  great  assistance  in  re^'ising  the  proof-sheets 
and  in  preparing  the  Index. 

In  iledicatuig  tliis  work  to  Mr.  Lister  I  have 
attempted  to  acknowledge  my  grejit  indL-btedness 
to  him. 


W.  WATSON   CHEYNE. 


i'i  Old  Oavbndish  St.,  W. 
OtioUr  Ibttl. 
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TuE  term  *  septic '  bo  much  used  in  surgery  at  the  present  day 
18  derived  from  tlie  Greek  w(»rd  a-qirriKos^  wliicli  means  some- 
thing that  caxiseti  putrefaction,  the  verb  aiytrw  signifying  to 
cause  to  rot,  to  inttkc  ptitrid.  An  *antiae]die'  is  therefore, 
according  to  this  derivation,  K)mething  whicli  acts  against  the 
eavsfJi  of  pntrefnction,  and  'Antiseptic  Surgery'  is  surgery 
directed  not  against  its  ejfecta  but  agjiinst  its  counes.  In  deal- 
ing, then,  with  the  subject  of  unfiseptic  surgery,  wo  must  first 
enquire  what  is  putrefa*.*tion,  and  hnw  is  it  brought  about? 

Putrefaction  is  now  held  to  he  a  form  of  fermentation  ac- 
comjmnied  hy  the  deveIo]»rnent  c^f  otTensive  odours,  and  fermen- 
tation may  be  defined  as  'a  new  arrangement  of  the  elementsof 
an  organic  couiiKinnd  (often  with  the  assimilation  of  the  ele- 
ments of  water),  and  the  consequent  formation  of  new  products.' 
( Kownes.) 

Changes  coming  under  the  above  deftnition  of  fermentation 
V*  B 
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lijivr-  Imtii  loii^  kii(»wii  as  til**  rrsult  *»f  wh;it  is  termed  Catalysis. 
Of  iU'is  |HTl)a|>s  tlir  Ih's(  cxaiiii*]**  is  (Ik-  i*)iange  cfifected  in 
Aiiiyf^flaliii  liy  tli<>  action  on  it  of  Knmlsin.  Asa  result  of  the 
coiitaf't  ofllifsc  two  iHHlirs  in  )iivsen<;e  of  water,  the  amygdaliii 
JH  hrokeii  n\i  into  various  pnHhicts,  of  which  the  chief  are 
hy'Ii'04'vani('  a<i(l  and  oil  of  hitter  ahnomls.  This  (hK?om])08ition 
of  aniy^Jalin  is,  lu>wevei\  wA  I'treelcd  by  vmnhhiatioii  with 
''nmUin,  for  ttic  latter  remains  unchanged,  although  itspretfence 
ih  M('l'l•^^aly  for  tht'  eheiiiiral  aetittu.  Similar  faetu  are  known 
with  rc^rjinl  to  tlie  I'epsin  of  the  gastric  jniee,  the  l*tyalin  of 
Haliva,  the  |»;in<-rc:iti<'  ferment*  Siv,  Ihtt  althougli  these  ferments 
iinf|<-r;;o  little  or  n*M-hanife,yet  nevertlieless  it  has  U'en  clejirly 
|»rove(l  that  tliey  liave  not  the  ]Hi\ver  of  self-inulti|»lication. 
Ilenre  tliesi'  ferments  jrcm. rally  receive  tlie  name  i>f  *  chemical ' 
ferment  H. 

'I'here  is,  liowever,  Jinother  ehi'is  of  fern»ents  which  |K>S8es8 
this  power  (»f  self-niultiplication  in  a  remarkable  (h'gTt*e*  An 
in^tanetf  of  this  nuiy  be  ^iven  in  tlie  alcoholic  fermentation. 
\i*'Vi:  a  minute  jtiece  of  yea>t  is  intriHbired  into  ijniiH' juice,  or 
into  a  suirary  subiticai,  and  as  a  result  fermi'Utation  stHm  sets  in, 
and  gocK  on  slowly  till  the  snirari^decomjHised.  If  we  com|iari' 
this  nroee>.s  with  the  furiUiT  we  see  two  marked  ]M>ints  of 
(litlerenee  ;  in  tin*  first  plaee,  in  the  former  the  change  is  nqiid 
and  more  or  less  instantaneous;  in  the  latter  it  jm^gresscs 
hl(»wly  and  steadily,  and  requires  mneh  more  time  for  its  com- 
pletion. In  the  former  there  is  n**  increase  in  quantity  of  the 
ferment;  in  the  latter  tlu' increase  i>  very  m:irked,  and  when 
the  fermentation  has  gone  on  f'>r  some  tinn*  the  minutest 
port.ion  of  the  fi'iineutiug  ^ub^t4^nce  added  to  unfermented 
material  of  like  eoniiH»sitioi»  |iroduee.<  in  it  a  similar  stories 
of  ehnnges ;  and  this  mult  iplii-al  ion  of  the  ferment  goes  on 
continuously  whenever  it  is  bn»uglit  in  contact  with  fresh 
material.  Asthis  power  of  midtipHcation  is  a  property  of  living 
things,  the  term  'vital'  is  nsually  apjdied  to  this  class  of 
ferments. 

In  <»ne  ]Knnt  the  *  chemical '  fennent  is  allied  t<t  the  'vital ' 
f<Tment.  It  is  not  a  substance  as  yet  formeil  by  the  chemist. 
It  is  the  prtHhict  of  living  cells;  and  it  is  cpiite  possible  that 
tlie  yeast  plant  may  act  in  the  same  wav  as  the  salivarv  or 
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pe])tic-  cells,  viz.  by  exeretiug  ii  fcnneut  wlju-h  pnxlufes  the 
cLange  in  the  fennentescible  Kubfitauce,  this  ferment  in  neither 
case  possesaing  the  power  of  fielf-multiplication.  In  the  case  of 
the  salivary  ferment  the  cells  which  produce  it  are  an  integral 
part  of  a  complex  organism,  and  cannot  live  ajmrt  from  the  body ; 
hence  the  ptyalin,  introduced  into  starch,  does  not  increase  in 
amount.  On  the  either  IkiikI,  the  ytmsi  plant  is  an  independent 
cell,  and  grows  free  in  the  fermenting  fluid,  and  it  i:^  to  the 
growth  and  miilti|)lieation  of  these  living  cells,  and  not  to  on 
increase  in  quantity*  of  the  chemical  ferment  as  such,  that  the 
multiplication  oF  the  fennenting  jKJwer  is  due. 

In  the  putrefaction  of  discliarges  in  wounds  we  have  to  deal 
with  a  ferment  belonging  to  the  same  class  as  the  alcoholic  fer- 
ments— with  a  ferment  capable  of  multiplication,  which  act* 
slowly  and  steadily,  not  suddenly.  We  must  therefore  enquire 
a  little  more  fully  into  the  nature  of  this  class  of  fermentB,  into 
tiu'ir  origin  and  history,  in  order  to  obtain  some  principles  to 
guide  us  in  attempting  to  prevent  their  action. 

In  reviewing  the  history  of  this  subject,  the  first  research  of 
any  conseijuence  which  it  is  neces«ai*y  for  us  to  consider  is  that 
of  Gay-Lussac*  IVevious  to  the  publication  of  this  ]iaper  at- 
tempts had  been  made  by  Lnvoisier,  Fabroui,  and  Theuard 
to  give  some  explanation  of  the  pmcess  of  fennentatiun. 

Lavoisier^s  work  was  in  the  main  carried  out  with  the  view 
of  ascertaining  the  changes  which  a  fermeTiting  liquid  under- 
goes.' He  did  not  attempt  to  assign  a  definite  cause  for  the 
procesfl. 

Fabroni,'  writingon  the  subject  of  the  aleiihulie  fermentation, 
concluded  that  fermentiition  was  a  decomjiusition  of  one  sub- 
stance by  another,  'just  as  a  carbonate  is  decomposed  by  an 
acid,  or  sugar  by  nitric  acid.  The  substance  which  decom[Kise8 
sugjir  is  a  vegeto-animal  substance.  It  is  contained  in  certain 
utricles  in  the  grape.  When  the  grane  is  crushed  this  material, 
which  is  of  the  nature  of  gluten,  mixes  with  the  sugar  in  the 
juice,  and  as  sfx»n  as  these  two  substances  come  into  contact, 
efFer\'esceuce  or  fermentation  commences  just  as  occurs  in  every 

>  vtMitaZrj  lie  Chimie,  Ixxvi.  1810. 
*  KU'funUa  df  Chimu.  \.  2ti(1  ed. 
■  AnH4ii€M  iif  Ckimif^  xxxi.  179U. 
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othor  chemical  process,  as,  for  inst:m<*e,  when  an  acid  and  a 
carb'jnate  are  mixefi  in  the  same  vessel,' 

Sfrtne  years  later,  but  ignonint  of  Fabroni's  views, 
Thenarrl  published  a  research  on  ak-ohoh'e  fermentation,*  in 
which  he  showed  that  gluten  had  no  jniwer  whatever  of  causing 
the  fermentation  of  sugar.  He  observed  that  during  the  pro- 
ce.ss  of  fermentation,  a  dei>osit  f»ccurred  wliich  had  the  jiower 
of  inducing  a  similar  change  iu  a  fresh  saccharine  liquid.  This 
Hubstance  was  apijarently  the  same  in  a  great  variety  of  liquids 
of  different  chemical  comj»osition,  and  it  presented  characters 
similar  to  those  of  yeast.  Thenard  states  that  he  was  unable 
to  determine  whether  this  substance  was  f<jrme<l  in  the  course 
of  the  fermentation,  or  whether  it  was  in  solution  at  the  com- 
mencement and  became  dejKisited  as  a  result  of  the  changes 
which  occurred.  He,  however,  inclines  towards  the  latter 
view, 

Gay-Lussac  was  led  to  make  his  invest igjit ions  by  studying 
the  prijcedure  of  M,  Apjiert  for  preserving  vegetabh*  and  animal 
substances.^  Appert's  method  c<>nsistiHl  in  placing  the  materials 
to  be  preserved  in  bottles,  very  closely  corked.  These  b«»ttles 
were  exjiosed  to  the  temperature  of  boiling  water  for  a  longer 
or  shorter  iK'rifKl  of  time.  They  were  then  packed  up  and  kept 
for  use.  There  can  bi*  no  doubt  as  to  the  efhiiency  of  this 
method,  for  in  Ajjpert's  work  certificates  are  fimiisluHl  by 
sevend  scientitic  commissions,  containing  such  namrs  as  Gay- 
Lussac,  B«»rd('l,  iS:c. 

Gay-LuHsac  noticed  that,  though  the  substances  so  prejiared 
could  be  preserved  unaltered  for  an  indrtinite  ]»eri(Hl  so  h»ng 
as  the  vessels  were  ke]»t  thoroughly  closed,  yet,  as  soon  as 
the  vessels  were  oj»ened,  and  ni<tre  es]M'eially  if  the  substances 
were  decant<fd  iuto  other  vessels,  their  contents  imdenvent 
fermentative  changes. 

Toascrrtain  why  this  occmredjhe  took  a  flask  of  grape-Juice 
which  had  been  preserved  for  a  year  unaltered,  and  which  was  ac- 
cordingly quite  limpid.  Having  o])ened  the  flask  he  poured  its 
contents  into  another  vessel,  which  he  closed  very  accurately 
and  kept  at  the  tenqterature  of  15°  to  30**  <\     Eight  days  later 

'  Annalf*  de  Chimir,  xlvi.  ls03. 

*  The  Art  of  Pri'tftrlnij  Animal  and  Vrgrtablr  Stthxtances. 
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the  juice  had  lost  its  trans[)arency,  fermentation  had  bex^me 
established,  and  it  soon  became  an  alcoholic  fluid.  A  second 
vessel  containing  ^ape-jnice,  jirepfired  l)y  Ai»pertV  method, 
WU8  kept  at  thf;  saiiio  teii)i)erature  and  in  the  same  place,  but 
unopened.  This  remained  pure.  This  lattx^r  flask,  the  neck  of 
which  had  been  drawn  out  and  sealed,  was  now  taken,  and 
a  deep  notxjh  having  been  made  with  a  file,  its  neck  was 
plunged  into  mercuiy  and  then  broken  ott*.  A  portion  of 
the  contents  was  then  introflnced  into  a  bell-jnr  containing  no 
oxygen,  and  a  second  |H:irtioii  into  one  containing  :i  ^^inidl  quan- 
tity of  that  gas.  The  first  remained  without  change  for  forty 
dnys,  while  the  seooud  underwent  fenneritation  very  rapidly. 
In  the  latter  tla.sk  all  the  oxygrMi  liad  (Us;ip[H'ared,  but  mucli 
more  carbonic  acid  in  proportion  had  been  pn>duced,  Oay- 
Lussac  therefore  concluded  that,  although  oxygen  is  necessary 
to  initiate  the  fermeutati<iu,  yet  it  is  not  essential  for  its  con- 
tinuance. The  same  results  were  obtained  when  currant-juice 
or  freshly  prepared  gT:i|)e-juice  were  used.  Gay-Lussae  further 
found  that,  if  this  juice  after  being  transferred  from  one  vessel 
ti>  anotlier  were  again  heated  alter  secure  corking,  it  could 
agiun  be  preserved  For  an  indefinite  time.  He  obnerved  tl»at 
(hiring  the  boiling  the  fluid  lost  its  transiwireney  nnd  a  deposit 
took  place.  He  came  to  similar  conclusions  as  to  the  necessity 
of  oxygen  for  the  initiation  of  fermentative  jnoeesses,  in  the  case 
of  the  putrefaction  of  meats,  &c.,  pre»er\'ed  according  to  Apj»er1's 
method. 

(iay-Lussac  cnncludes  from  his  experiments  that  oxygen  is 
necessary  for  the  conuueucement  nf  the  fermentation;  that 
this  oxygen  combines  with  some  substance  iu  the  fermenteseible 
fluid,  thus  prfHJneing  the  ferment,  which  can  then  act  withnut 
further  oxygen  ;  that  the  et^ect  of  the  heat  in  Ap^iert's  method 
is  to  decomjwse  any  combination  already  formed,  and  to  make 
the  oxygen  which  is  present  unite  to  form  some  substance  which 
is  not  a  ferment;  that  the  pnxluct  of  this  union  with  oxygen 
is  the  deposit  which  is  seen  to  occur  on  hcjitiug  these  fluids. 
He  however  R'ctJgnises  that  fennt'ntation  is  still  a  mysterious 
process,  since  it  occurs  slowly  and  not  iuiuiediately  like  other 
chemical  actions. 

Passing  now  over  a  jieriod  of  some  years,  we  come  to  the 
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views  of  Caignard-Latour,  made  kiunvn  in  |ta]H*rs  presfnted  to 
the  French  Acatlemy  during  the  yejirs  1S35-37J  On  examin- 
ing fermenting  grai)e-juiee,  he  found  (as  in<h.'ed  had  been  im- 
perfectly observed  before  by  Leuwenhfx^ck  and  Desmazieres) 
that  it  contained  numerous  globular  bodi<;s  which  he  considered 
to  be  of  vegebible  nature,  and  which  he  found  to  jwssess  the 
l>ower  of  repraiuction,  partly  by  budding  and  i»artly,  as  hesu|>- 
]>oscd,  by  contracting  and  libemting  uuinorous  spores.  From 
[  several  fiicts — amongst  others,  frtun  finding  that   in  juices  not 

y  undergoing  alcoholic  fermentation    these  btMlies  were  abs<»nt, 

I  while  they  were  always  present  whenr  that  ferinentjition  (h- 

I  curred — he  concludeii  that  they  were  the  cause  <»f  th<'  fermenta- 

tion. He  further  found  that  the  deiK)sit  of  which  Thenanl 
8|K>ke,  and  which  he  had  sUited  to  be  the  ferment,  was  composed 
entirely  of  these  bodies. 

Similar  views  were  announced  almost  simultaneously  )>y 
Schwann,*  and  to  him  rather  than  to  Caignard-T^itour  must  he 
given  the  credit  of  having  furnished  the  first  real  prtwif  of  tlie 
view  that  these  cerlls  were  the  causes  of  the  fermentation. 

Schwann  prepared  infusions  (tf  meat,  fruits,  i^c,  somewhat 
after  Appert's  meth<xl,  but,  instead  of  leaving  tlu»  vessels  com- 
pletely sealed,  he  allowed  air  which  had  been  previously  heati»<l 
to  come  in  contact  with  the  fluids.     The  following  is  his  de- 
ji  scription  of  the  methwl  which  he  ultimately  adopted. 

I  *  Into  a  thrtie-ounoo  vessel  a  small  piece  of  meat  wius  intnxlncod, 

and  then  water  wiis  added  so  thjit  tlie  wliole  occupie<l  alxnit  tine- 
fourth  of  the  capa<aty  of  the  vessel ;  tlie  l^tttle  waJi  then  closely  corke<l, 
the  cork  being  iii-mly  fastened  down  >»y  wiro.  This  cork  wivs  tnivei-sed 
by  two  small  gljiss  tulx's,  one  of  wliich  was  at  once  lx>ut  (Inwnwaitis 
on  its  exit  from  the  vessel,  and  its  orilit^*  dip|H.')l  into  a  snndl  ln'aker 
containing  mei-cui-y  covei'otl  l)y  a  layer  of  oil.  The  other  tul»e  nui  at 
firet  horizontally  and  then  directly  downwanls  for  an  inch  and  a  halt'. 
Thei-e  it  had  two  nan-ow  sjiiral  turuin^^  then  it  a<pun  mn  upwards, 
and  finally  horizontidly,  being  drawn  out  Ui  a  fine  [Kjint  at  it^s  termi- 
nation. The  cork  was  covci-ed  with  several  hiycrs  of  a  solution  of 
oioutchouc  in  Unseal  oil.  ivndfired  thinner  by  the  addition  of  oil  of 
turpentine.  The  fluid  in  the  llask  was  now  lx)ih'(l,  Mn<l  tim  steam  was 
i  nnide  to  issue  fi-om  the  two  tulws  till  the  mercury  and  oil  l^eciunc  so 

I  ^  .  '  Sue  Annalts  de  Chhnh:  et  de  P/if/nifjiu'^  t.  Ixviii.  !'•  srrit.-,  18;i8. 

i  ^  Pi>fjijeHdor/*s  AitHdlen,  xli.  lf^37. 
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but  Ibut  tboy  uo  lunger  condenKod  the  stcein.  (In  order  lliuC  no 
orgiinisius  might  Oevelop  in  the  water  which  rumjiinod  hetween  the 
oil  aiul  Uie  mercury,  a  hiyer  of  con*08ive  stihlimiito  wius  pluccd  hutwe(*n 
them.)  While  the  boiliag  w;ia  going  on  a  spint  lamp  wjis  plncwl 
under  the  spimls  of  the  hOiund  tube,  and  the  heat  wns  continued  until 
tho  tube  began  to  soften  (see  Fig.  1),  The  dropa  of  water  condensing 
in  the  cooler  parts  of  the  tubes  were  dispelled  by  another  lamp.  After 
boiling  had  continued  for  a  (juarter  of  an  hour  it  was  atoppwl,  and, 
during  the  cooling  of  tho  tiask,  air  pi\S80<i  through  the  second  glaan 
tubo  into  the  vessel,  being  however  pi-cvioualy  heated  in  the  spiral 
pATt  of  that  tulje.  After  com pli>t(t  cooling  of  tho  Ibwk  the  orifice  of 
this  tube  waa  sealed  and  the  [utrtion  of  tiie  tubo  between  the  Hpinil 
and  tho  end,  wmtiiining  nuhf^it^d  air,  wjw  heattid.  That  being  done 
the  spirit  lamp  was  completely  removed.* 


Kuj.  I.- Schwann  s  Micnioit. 


Pre]iarod  in  this  way,  th«  fliislc  contained  only  Ixiiled  meat 
infusiun  and  heated  air.  From  time  to  time  this  nir  was 
renewed  in  the  following  manner:  the  spiral  part  of  the  tube 
having  been  heated  almost  to  melting,  Ihe  |Ktint  waa  broken 
and  fi'oah  nir  forceii  slowly  in,  the  old  air  bubbling  out  through 
the  mercury.  After  a  time  the  tube  was  again  sealed  with  the 
aame  precautions  as  before. 

By  operjitiug  thus  Schwann  succeeded  in  preserving  meat 
and  other  substances  at  a  temperature  of  63"  to  77**  F.  without 
any  putrefaction,  and  without  the  ap]»earnnce  of  organisms  in 
them;  wliile  the  same  materials  wlien  cxjK>w'd  to  ordinary  air 
underwent  putrefactive  changes  in  a  few  days. 
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It  was  thus  evident  that  there  was  a  something  present  in 
the  air,  other  than  the  gases  of  the  air  which  had  the  power  of 
bringing  about  fermentative  changes  in  boiled  liquids,  and 
that  this  something  could  be  destroyed  by  heat. 

Some  further  exj)eriments  which  Schwann  i>erformed  with 
reference  to  the  alcoholic  fermentation  furnish  additional 
evidence  against  the  view  that  the  gases  of  the  air  are  the  causes 
of  putrefaction. 

A  solution  of  cane  sugar  having  been  mixed  with  yeast,  four  flasks 
were  quite  filled  with  the  mixture  and  then  corked.  These  flasks 
were  placed  in  boiling  water  for  an  equal  length  of  time  (ten  minutes 
each).  They  wei-e  then  inverted  over  heated  mercury,  and  air  was 
introduced  so  as  to  displace  one-third  to  one-fourth  of  the  fluid.  The 
flasks  were  afterwards  corked  under  mercury  and  kept  at  a  tempera- 
ture of  63**  to  77°  F.  In  two  flasks  the  air  thus  introduced  liad  been 
previously  heated,  in  the  other  two  it  had  not  been  so  treated.  In 
four  to  six  weeks  the  flasks  which  had  received  the  unheated  air 
burst,  their  contents  having  undergone  alcoholic  fermentation.  The 
other  two  flasks  remained  unchanged  for  more  than  three  months. 

Schwann  states  that  this  latter  experiment  with  heated  air 
is  generally,  but  not  always,  successful,  and  he  explains  this  by 
the  supposition  that  aft-er  the  heating  of  the  mercury,  and  in 
the  processes  of  uncorking  and  corking,  organic  matter,  which 
had  not  been  jireviously  heated,  might  very  jjossibly  mix  with 
the  mercury  and  enter  the  flasks.  (This  view  has  since  been 
proved  to  be  correct  by  Pasteur.) 

It  is  but  fair  to  refer  here  to  the  experiments  on  spontaneous 
generation  published  in  1836  by  Franz  Sohulze,  These  will 
be  described  at  a  later  period.  They  are,  however,  of  interest 
here,  because  Schulze  anticipated  Schwann  in  the  i)rinciple  of 
admitting  air  previously  acted  on  in  some  way  or  other,  in 
his  case  chemically,  to  Appert's  preser\'es. 

Schwann's  ex})eriments  were  rept^ated  and  confirmed  by  Ure 
in  1840'  and  by  Helmholtz  in  1843.'*  The  latter  author,  in 
order  to  test  the  oxygen  view  still  further,  prepared  an  infusion 
in  the  usual  manner  in  a  vessel  into  which  platinum  electrodes 
were  fixed.     After  the  infusion  had  remained  unaltered  for  some 

*  Journal fiir praktUche  ChcmUy  xix. 
»  Mailer's  Archir.  1843. 
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time  a  current  of  electricity  wai?  sent  through  the  li(|uid, 
decoiniKtwug  the  water  into  hydrogen  imd  oxygen.  But  even 
this  oxygen  in  it^  nascent,  and  therefore  in  its  moBt  active  state, 
wa8  unable  to  prtnluoe  auy  fermeutjitiou  in  the  fluid. 

In  the  meantime  Liebig  had  stepped  forward  as  the  Oppo- 
nent of  the  views  ailvanced  by  Qiiguard-T>at*)ur  and  by  Schwann. 
He  proposed  a  tlieury  of  a  totally  different  nature.'  After 
pointing  out  that  organic  molecules  have  a  tendency  to  alt-er 
their  constitution,  to  break  up  and  rearrange  themselvea, 
he  api>roaeljes  the  ipiesiiou  of  juitrefaction  aud  fenueutation* 
With  regard  to  the  cause  of  these  ehangea  he  write«  as  follows  : 
*  Cett.e  cause  est  la  faculty  que  |H>ss^e  un  corps  en  decomposi- 
tion ou  en  combinaison,c*est-a-dire,  en  action chimique,d*eveiller 
la  m6me  action  dans  un  autre  corps  qui  sc  trouvc  en  contact 
avcc  lui,  ou  de  le  rendre  apte  a  subir  Talt^ration  qu*il  ^prouve 
lui-mome.'  He  comjwires  this  sort  of  action  to  combuatiou,  and 
cites  several  well-kuowu  instances  of  this  kind,  such  as  the  de- 
composition of  nitric  acid  by  an  alloy  of  platiniun  and  silver, 
a  change  which  d<»(*s  not  take  ]»liice  with  the  platinum  alone; 
or  the  decomposition  of  peroxide  of  manganese  by  oxide  of 
silver,  &c.,  in  wafer  containing  oxygen. 

He  includes  under  the  term 'cremucausis/ the  alterations 
which  organic  substances  undergo  at  ordinary  tem]M?mtures, 
and  as  the  result  of  the  action  of  oxygen.  When  oxygen  is 
exeludeil,  putrefaction  o<'eurs.  Putrefaction  is  a  combustion 
of  one  or  more  of  the  elements  of  the  organic  substances  at 
the  expense  of  their  own  oxygen.  Where  no  foul  smelling 
]>ro<luc(#  resiUt,  the  process  is  ternjed  fermentation.  Putrefac- 
tion o<?curs  when  the  e<iuilibrium  of  th*?  attnictionsof  aconiplex 
organic  molecule  is  upset,  and  it  results  in  a  rearrangement  of 
tliese  elements.  Non-nitrogenous  organic  substances  do  not 
undergo  this  putrefaction  sjjontaneously  when  they  are  pure. 
They  must  be  brought  in  contact  with  some  substance  already 
undergoing  change.  This  latter  substance  is  therefore  termed 
a  ferment.  This  ferment  is  a  nitrogenous  substance  under- 
going putrefaction  and  eremacausis,  it  converts  the  oxygen  of 
the  air  into  cju-bonic  acid,  &c.  Its  activity  is  destroyed  by 
desiccation,  by  heat,  nlct»h«»l,  &c.  It  is  the  soluble  portion  of 
*  Anualeit  de  CKimifi  et  dv  Pkgtique^  It*  sprits  Ixzl.  183U. 
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the  fennent  which  is  active,  and  this  does  not  act  by  direct 
contact,  but  in  consequence  of  a  decomposition  which  it  itself 
undergoes.  The  elements  of  the  ferment  take  no  liori  in  the 
formation  of  the  products  which  sugar  furnishes  when  fer- 
mented, though  at  the  same  time  the  fennent  is  itself  under- 
going destruction.  (This  latter  statement  is  based  on  an  ob- 
servation by  Thenard,  who  found  that  20  parts  of  fresh  yeast, 
added  to  100  jwirts  of  sugar  left,  after  fermentation  was  com- 
plete, only  13"7  parts  of  an  insoluble  residue.  This  residue 
placed  in  a  new  portion  of  sugar  became  reduceil  to  10  parts. 
This  last  residue  no  longer  exerted  any  action.  Pasteur  has 
since  completely  disproved  the  accuracy  of  Tbenard's  results. 
On  the  contrary  he  finds  that  yeast  increases  markedly 
during  fermentation,  and  in  his  latest  work  Liebig  admits 
this.) 

The  ferment  is,  therefore,  according  to  Liebig,  a  body 
undergoing  decomposition.  If  the  ferment  is  too  small  in 
quantity  for  the  sugar,  when  the  decorajx)sition  of  the  former  is 
complete  the  latter  ceases  to  fennent  (this  statement  has  since 
been  shown  to  be  quite  erroneous),  and  therefore  a  sufficient 
quantity  must  be  present  in  order  that  its  decomposition  may 
not  be  completed  till  that  of  the  sugar  has  ended.  No  s]>ecial 
substance  is,  according  to  this  view,  required  in  order  to  act  as 
a  ferment,  but  merely  one  which  shall  be  the  constant  exciter 
of  action  in  the  fermentescible  substance.  (This  statemiint  is 
also  wrong,  because  ]mtrefying  fluids  and  tissues  atlded  to 
sugary  solutions  do  not  convert  the  sugar  into  alcohol.  This 
was  latterly  admitted  by  Liebig,  who  was  compelled  to  all(»w 
the  existence  of  some  relation  between  the  yeast  plant  an<l  the 
alcoholic  fermentation,  a  connection  which  he,  however, 
attributed  to  the  effect  propagated  from  the  dead  and  dying, 
not  from  the  living,  cells.) 

Liebig  s»uns  up  as  follows : — 

Organic  conn>ounds  present  two  opposite  and  definite 
phenomena, 

1,  They  give  rise  to  bodies  endowed  with  new  [)ro]>erties, 
the  elements  of  several  molecules  of  a  more  simple  compoimd 
uniting  to  form  one  molecule  of  a  more  complex  nature, 

2.  Some  complex  molecules  of  a  high  degree  of  complexity 
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break  up  into  one  or  more  loss  complex  molecules  of  a  lower 
ortlcr,  in  consequence  of  the  (lestnicfion  of  the  ei|uilihriiiin  of 
the  attractions  of  their  elements.  This  equilibrium  may  be 
destroyed  by  heat,  by  contnct  with  a  boily  of  different  cora|>o- 
sition,  or  by  the  action  of  a  body  which  is  itself  undergoing 
change. 

As  an  exam])le  of  thia  Liebig  takes  the  ca«e  of  urine  :  '  In 
fresh  urine/  he  siiys,  "^  if  oxygen  be  entirely  excluded  there 
occurs  no  alteration  of  the  urea  or  of  the  hipjiuric  acid  con- 
tained in  it,  but  if  exposed  to  the  air  another  Hubstance  present 
in  the  urine  (probably  the  mucus)  undergoes  a  change  of  form 
and  comiK>sition  (eremacausls),  which  is  transferred  or  com- 
municatetl  to  the  ureu  and  the  hijjpurie  acid  ;  the  urea  is 
restilved  into  curlx)nie  acid  and  ammonia;  the  hippiu"ic  acid 
di^pjieias,  and  in  its  place  is  fuuud  benzoic  acid.* 

He  continues:  'When  we  reflect  that  the  jwwer  of  exciting 
putrefaction  belongs  tolvxlies  of  the  most  different  compusit  ion, 
that  blood,  flesh,  cheese,  saliva,  infusion  of  inalt,  emulsion  of 
ahnouils,  c^c,  actpiire  this  property  ;ls  soon  as,  by  the  chemical 
action  of  oxygen,  a  distnrbiince  in  the  equilibrium  nf  the 
attraction  of  their  elements  has  taken  place,  all  doubt  as  to 
the  true  cause  of  these  phenomena  seems  to  disappear.'  (We 
shall  see  later  that  in  this  Liebig  is  wrong,  that  meat,  cheese, 
Ac,  cause  putrefaction  not  from  any  inherent  tendency  to  do 
so  or  fi*ora  any  state  of  decay,  but  because  they  introduce  the 
necessiu'y  |mrticle3  into  (he  putrt'scible  liqiud.) 

Liebig  then  goes  on  to  say,  with  reference  to  the  germ 
theory  of  jiutrefaction,  that  after  the  death  of  fungi  and  in- 
fusoria we  observe  the  same  i»utrefactive  phenomena  as  after 
the  death  of  a  larger  animid.  These  organisms,  according  to 
him,  only  api>ear  at  a  late  jieriod  of  putrefaction,  and  therefore 
are  not  the  cause  of  it,  though  no  doubt  by  their  vital  actions 
they  must  hasten  and  modify  the  change. 

And  now  let  us  jjause  in  the  history  of  this  important  sub- 
ject, and  methixiise  somewhat  the  views  expressed.  These  may 
be  divided  into  three  sets.  Firstly,  we  have  that  of  Gay- 
Lussjic,  who  attributes  putrefactive  and  fermentative  changes 
Bolely  to  the  influence  of  oxygen  in  the  fir^t  instance. 
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Then  come  the  views  of  Caignard-Latour  and  Schwann, 
referring  these  changes  to  the  entrance  into  the  fluids  of  solid 
particles  from  without,  which  may  be  destroyed  by  heat.  These 
authors  go  further,  and  ascribe  the  whole  fermentative  process 
to  the  growth  of  the  organisms  which  are  found  in  the  ferment- 
ing liquids. 

And,  lastly,  we  have  the  view  of  Liebig,  who  looks  on  oxy- 
gen as  in  so  far  favouring  fermentation  that  it  causes  erema- 
causis,  the  molecules  undergoing  this  change  being  now  ca|)able 
of  setting  up  putrefactive  and  other  fermentative  changes. 
The  latter  changes  are  therefore  due  to  the  presence  of  some 
substance  itself  undergoing  change,  and  to  this  substance  the 
term  *  ferment '  is  applied.  This  ferment  may  be  destroyed 
by  heat. 

It  will  be  more  convenient  if  for  the  present  we  class  these 
views  under  two  heads — the  oxygen  theory  (Gay-Lussac's)  on 
the  one  hand,  and  the  particulate  theory  (Schwann's)  on  the 
other.  At  a  later  jjeriod  we  shall  determine  whether  Liebig's 
or  Schwann's  is  the  more  tenable  view. 

I  have  already  mentioned  the  researches  of  Schulze,  Schwann, 
Ure,  and  Hebnholtz  as  tending  more  or  less  to  upset  the  views 
of  Gay-Lussac. 

The  next  research  of  imi>ortance  on  this  subject  is  that  by 
Schroeder  and  Dusch.*  Their  aim  was  to  see  v}\\ei\i^x  filtration 
of  the  air  would  be  sufficient  to  prevent  the  fermentation  of 
boiled  fluids.     Their  apparatus  was  the  following: — 

A  glass  vessel  contaiiiing  the  material  to  be  tested  (meat  infusion, 
ike.,)  was  closed  by  a  close-fitting  cork,  which  was  dipped  into  hot  wax 
previous  to  its  insertion.  This  cork  had  two  holes  in  it  which  gave 
exit  to  two  tubes  bent  outside  to  a  right  angle,  these  tubes  being  also 
firmly  embedded  in  the  cork  ;  one  tube  was  for  the  "purpose  of  con- 
ducting air  to  the  vessel,  and  the  other  to  suck  air  out  of  it. 

The  conducting  tube  was  connected  by  means  of  a  short  piece  of 
vulcanised  caoutchouc  with  a  glass  tube ;  the  latter  was  again  attached 
to  a  wider  tube  (1  inch  in  diameter  and  20  inches  long)  by  means  of 
a  similar  cork  to  that  in  the  bottle,  and  at  the  other  end  of  this  tube 
was  a  cork  with  a  bit  of  tubing  in  it,  called  the  open  tube.    The  wide 

'  Annalen  der  Cht^nie  und  Pharmacie,  1854. 
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tube  wns  looeoly  Blled  witlt  cotton  wool  whicli  had  Loen  proWotialy 
heated  for  sonie  time  in  a  watftr  liath. 

The  other  tube — the  suction  tube — which  in  the  interior  of  the 
Ihisk  reached  .ilnt'jst  to  the  level  of  the  fluid,  was  connected  by  means 
of  a  vulcanised  tndi!inibl>er  tube  with  the  np|»er  tube  of  an  ordinary 
giwomeU'r.  this  Utt^r  tuljc  l»ein^  provideil  with  a  stopcock.  The 
gasometer  wiis  lilled  with  water,  and  on  opening  the  lower  tube  of 
this  vessel  the  water  (lowed  out  and  thus  the  gasometer  acted  as  an 
uapirator.     (See  Fig.  2.) 

Such  wan  the  apparatus  employed.  The  fluid  having  been 
intr<jduced  into  the  flask,  and  all  the  connections  having  been 


KiG.    2.— fiCHROEDKB   AND    DrWOH'B   APPARATUS   PUB   SUPPLYIKO 

PILTKRRD   AIR. 

n'l>r>  ttil*c  to  it>F  left  oDglit  to  rtsclj  ulmoat  ti  t  be  loTol  of  tkc  UnnU.) 

ainetl  to  he  air-tipfht,  the  cock  of  the  a&pimtor  was  shut 
nnd  the  substance  to  lx>  testtni  wa.s  Ivtih^d,  till  nil  the  fulx^s  as 
far  as  the  eott<m  w*m)1  htul  U**fn  thoroughly  lieiitetl;  then,  the 
joinings  having  been  again  examined,  the  aspirator  whs  so 
arrangf**!  thnt  wator  flowed  out  of  it  drop  by  dro]>,  and  thus 
sucked  air  slowly  through  tlK^  flask. 

Meat,  boihfl  in  water  and  kept  in  a  flask  of  this  kind  with 
constant  chani^e  of  air,  was  preserved  for  twvnty-three  days, and 
when  trstt'd  at  the  end  of  that  time  was  found  to  be  quite  un- 
altereiU  while  a  simihu*  infusion  leftexjiosed  to  ordinary  air  had 
to  be  removed  from  the  lalxiratory  during  the  second  week  on 
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account  of  its  intolerable  stench.  This  exj)eriment  was  repeattHi 
several  times  with  similar  results. 

Schroeder  and  Dusch  experimented  in  a  similar  manner 
with  fresh  sweet  malt  containing  hops.  After  twenty-three  days, 
the  fluid  being  still  unaltered,  the  cotton  wool  was  removed,  but 
the  introduction  of  air — now  unfiltered — was  continued.  The 
fluid  was  muddy  and  covered  with  fungi,  and  had  undergone 
fermentation  in  a  week. 

These  observers  were,  however,  unable  to  obtain  like  results 
with  milk,  or  with  meat  heated  without  the  addition  of  water. 
These  substances  invariably  underwent  putrefaction. 

In  a  i>aper  published  five  years  later  Schroeder  returns  to 
this  subject.*  Having  found  that  white  of  egg  mixed  with 
water,if  constantly  shaken  while  boiling,  could  be  preserved  for 
an  indefinite  time,  he  tried  whether  ozone  had  any  jwwer  in 
inducing  fermentation.  Dilute  sulphuric  acid  was  decomiM)seti 
by  electricity,  and  the  ozone  thus  generated  was  conduct.ed  into 
a  vessel  containing  jmre  white  of  tgg.  The  latter  was  kei»t  for 
thirty-eight  days,  and  was  at  the  end  of  that  time  unaltered. 

Schroeder  was  still  unable  tx)  succeed  with  milk  or  yolk  of 
egg^  although  the  latter,  if  previously  heated  in  a  closed  vessel 
in  an  oil  bath  to  160°  C.  (310°  F.)  generally  remained  un- 
changed, and  the  milk  sometimes  also  kejit  pure. 

The  special  constituents  of  milk  could  be  easily  preserved. 
He  tested  casein  prepiwed  by  precipitation  with  acetic  acid  and 
then  washing  with  w^ater.  The  whey  also  which  remained  after 
this  precipitation  could  be  preserved  with  ease.  When  this 
whey  was  boiled  a  dejwsit  occurred,  and  this  was  readily  kept 
pure;  and  the  whey  which  still  remained  did  not  ferment 
when  preserved  with  the  precautions  mentioned. 

Scliroeder  tried  and  succeeded  with  other  maierials,  such  as 
blood,  urine,  starch,  &c. 

The  only  substances  which  failed  were  milk,  yolk  of  egg^ 
meat  heated  without  addition  of  water,  and  occasionally  meat 
infusion. 

As  the  result  of  these  contradictory  experiments  he  came 
to  the  conclusion  that  there  were  two  ways  in  w^hich  fennenfa- 
tion  might  be  caused  ;  firstly,  by  some  solid  particle  which 
'  An/ialcn  dvr  Chcmie  \tnd  PJiarmacicy  cix,  1850. 
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c;in  he  ;irreistt'd  by  foHim  wool,  and,  Becondly,  hy  oxjgeu  gaa 
(in  thi*  case  of  milk,  yolk  of  egg,  &c,). 

Two  yejirs  Inter  lliere  n|ii7pare<l  another  |ia{ipr  by  Scliroeder 
rt-rt?rring  to  tliohf  subslancfs  which  he  had  previously  faile<l  to 
preserve,  and  in  this  research  he  has  recourse  to  the  use  of 
higher  teini>eratures  than  formerly.' 

Volk  of  egg,  after  being  heated  for  half  an  hour  in  a  closed 
glass  vessel,  ut  a  temperature  of  130°  C.  (266"  F.),  was  placed 
iu  a  flask  the  neck  of  which  was  stuftVd  when  hut  witli  cotton 
wcK»I,  and  was  again  lK>iled  with  a  little  water.  Thin  remained 
fi»r  seventy  day*  unchanged. 

He  succeedeil  in  a  fdmilar  manner  with  meat  and  milk,  and 
in  the  case  of  the  latter  he  found  that  pr^)Iongcfl  lx>iling  at 
100*  C.  was  sufficient. 

From  these  facts  he  gives  up  his  formerly  expresfled  view  as 
to  tlie  sjMjntaneims  fermentation  of  organic  substances  under 
the  influence  of  oxygen,  and  concludes  that. in  these  fluids 
si»ores  were  present  which  ci>uld  resist  a  boiling  tcmjtcrnturc, 
the  development  of  these  8jK)res  being,  according  to  him,  the 
cause  of  the  fermentation.  He  further  considers  tliat  these 
spores  were  present  originally  in  the  milk,  and  were  not  intro- 
duced fn.>m  the  air,  becauae  he  finds  that  milk  whicli  has  not 
been  boiled  at  all  ]>utTefie9  sooner  than  pure  boiled  milk 
eHJOHcd  to  the  iiir. 

It  may  be  interesting  to  mention  here  that  similar  difiicul- 
ties  were  exi>erienced  by  Ai)pert  in  his  attempts  to  preserve 
milk.  He  succeeded  by  the  following  methtxl :  'Condense  the 
milk  to  two-thirds  of  its  volume,  strain  it,  then  put  it  in  the 
bottle,  seal  and  boil  in  a  water  bath  for  two  hours.*  In  order 
tn  prevent  the  crcajii  from  separating  he  found  it  well  to  add 
yolk  of  egg.     This  did  not  increase  the  difliculty  in  preserving  it. 

Still  further  evidence  disproving  the  gaseous  theory  is  fur- 
nished by  Pasteur.-'  He  repeated  Schwann's  experiments  and 
was  successful  with  most  fluids,  but  for  a  time  he  failed  in  the 
case  of  milk.  He,  however,  succeeded  when  he  boile<l  the  milk 
under  ])ressurc  at  110**  C.  (230^  F.)  for  one  or  two  minutes, 
heated  air  hc'uig  then  allowed  to  come  in  contact  with  it;  and 

■  Anttalrn  iitrr  Chemia  UHd  Pbarmads,  cxvii.  1861. 

-  Ati»tuh'M  des  ScitHit*  AaivrcUe*,  fifrie  iv.  t.  xvi.  1861  t  ^nofiyie 
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he  also  succeeded  if  he  subjected  the  milk  to  prolonged  boiling 

!at  100**  C.     Such  milk   remains  unaltered  for  an  indefinite 
length  of  time,  but  it  readily  decom[ioses  if  unheated  dust  Ix* 
!  introduced  into  it  in  the  manner  to  be  afterwards  described. 

4  The  most  striking  of  Pasteur's  experiments  is  that  of  the 

^  flask  with  the  bent  neck,     A  flask  containing,  say,  yeast  water  is 

;  heated  so  as  to  render  its  contents  pure.     Its  neck  is  drawn  out 

*  and  bent,  and  then,  after  boiling,  the  lamp  is  simply  with- 


Fio.  3.--Pabtkuk*b  flask  with  the  bent  neck. 

;t  (From  Pftrtwir.) 

:>  drawn,  the   neck   being  neither  heated,  sealed,  nor  plugged 

i\  (Fig.  3).     Nevertheless  the  fluid  does  not  undergo  imy  change. 

If,  on  the  other  hand,  the  neck  of  this  flask  be  sealed 
during  ebullition,  a  more  or  less  i>erfect  vacuum  is  thus  j>ro- 
diiced,  and  then,  if  the  neck  be  broken  after  ctM>ling,  air  rushes 
violently  into  the  flask,  carrying  with  it  its  dust.  The  result 
is  that  fermentative  changes  occur  in  the  fluid.  In  the  same 
way,  if  one  of  the  flasks  with  oi>cn  necks,  the  contents  of 
which  have  remained  for  some  time  pure,  has  the  neck  broken 
oif  short,  the  fluid  in  its  interior  rapidly  undergoes  fermenta- 
tion ;  or  again,  if  the  neck  be  not  bent  but  Ix?  kejrf  straight,  so 
as  to  allow  dust  to  fiill  in,  fermentation  nipidly  occurs. 

The  explanation  of  these  results  is  that  in  the  case  of  the 
flask  with  the  long  neck  the  dust  is  caught  in  the  cur\-e,  which 
in  the  first  inrush  of  air  is  filled  with  water,  which  filters  the 
air  (Mr.  Lister's  view).  Pasteur  had  supjwsed  that  j^rt  of 
the  air  dust  entered  the  vessel  instantly,  but  that  the  fluid  and 
the  walls  of  the  flask  were  at  that  time  so  hot  that  any  living 
l)articles  present  were  immediately  destroyed. 

As  will  be  seen  further  on,  Pasteur  also  found  that  it  was 
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not  necessary  to  filter  the  air  of  its  dual,  but  tl\at  if  the  air  were 
merely  left  undisturbed  for  some  time  till  the  dust  settled,  it 
might  then  be  intToduced  into  flasks  without  causing  any 
development. 

These  experiments  have  been  repeated  by  various  observers 
with  Buccesb,  and  Mr.  Lieter  has  at  present  in  his  pOHserfsion  a 
flask  of  this  kind  containing  urine  which  is  now  thirteen  years 
old,  but  which  Ktill  rcmiuus  uaullered  Jind  aa  liuijiid  aa  on  the 
day  it  was  prepared. 

In  a  lecture  on  Haze  and  Du.st/  Professor  Tyndall  showed 
that  if  no  dust  were  present  in  a  tiask,  a  beam  of  condensed 
light  |)assed  through  the  vessel  in  a  dark  mom  would  only  be 
visible  on  each  side  of  it,  but  would  l>e  invisible  in  its  interior; 
in  other  words,  we  see  light  only  because  there  arc  pmticles  in 
the  air  which  render  it  visible.  Were  there  no  particles  all 
would  be  darkness. 

Such  l>eing  the  case,  Tyndall  found  that  when  the  air 
■which  was  admitted  to  a  flask  had  been  pre\aou8ly  heated,  as 
in  Schwann's  ex]ierin)ent,  the  beam  of  light  was  not  visible  in 
the  interior,  showing  that  all  or  almost  all  the  particles  had 
been  destioyed  by  heat,  or,  in  other  words,  were  in  the  main  of 
an  organic  nature.  By  the  same  method  Mr,  Lister  has  found 
that  in  Pasteur's  Hasks  with  the  long  ojx'n  necks,  no  flouting 
dust-   is  present  after  what  was  originally'  there  has  settled. 

Another  raethtKl  of  excluding  dust  was  published  in  1873 
by  Mr.  Lister.'  It  seemed  probable  that  the  oLeasifHial  fiiilurcs 
which  occurre<l  in  the  attempts  to  preserve  boiled  fluids  iu*osc 
from  the  fact  that  the  steam  did  not  destroy  the  sejitic  energy  of 
the  dubt  in  thf  nt'cks  of  the  flasks  which  ha<l  not  been  previously 
heated.  Mr.  Lister,  therefore,  in  addition  to  the  precautions  aa  to 
boiling  under  cotton-wool  caps,  &c.,  subjected  his  flaf^ks  t-o  a  high 
temiK*niture  previous  to  the  introduction  of  the  fluid.  This  is 
done  by  keeping  them,  after  the  cotton  cap  has  been  applied, 
in  an  iron  box,  which  is  kept  at  a  high  temperature  for  two 
hours. 

Thiii  box  ib  of  u  bquaro  foriSi  with  one  of  iU  tddui  movable  so  us 

'  .Vtf/«rff.  Jan.  27,  1870. 

■  Mu-ro»f»jricalJoitrHttt  fur  October  1873  ;  see  filftO  7'run*.  vf  Path,  Soeietjf 
qf  Zondfln,  vol.  xxvU.  1B78. 
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to  form  a  door.  '  This  door  hofi  ita  drcumferentinl  part  in  the  form  of 
II  groove  CHf»able  of  boiiif^  packed  with  a  ootuiitloralile  infiat  of  cottoa 
wool  (Fiq.  4,  f).     This  door  can  be  liecured  by  meaiisofnutea^auiHt  the 

edge  of  the  IxiX ;  aud  tlie  cotton  wool, 
having  the  narrow  rim  of  moial  tlius 
firmly  prossod  Jigaiust  i%  Bcn'ea  aa  an 
olTec-iual  diter  of  tho  air  that  pattaos  in 
tbirin/i;  cooUuj^.  But  then  it  is  c«S2w.'>n- 
^  tial  thiit  the  heat  bo  «o  e^nally  distri- 
Itutwl  us  to  avoid  bi-atin^  any  ixirtion 
uf  the  cotton  to  such  a  degree  w\  to 
^  det»troy  its  plxysical  properties.  Thia 
uniformity  of  heat  is  proviilod  for  by 
having;  thitio  shelves  of  aheet  iron  intcr- 
poeed  between  the  large  Bumfeu's  burner  and  tliu  botUiui  of  the  bozJ 
80  as  to  pi-eveut  the  heat  fixim   acting  directly  upon  it,  while  at  the^ 


i'iu     -1.       DiHiH    ill- 

Li&Ti:a*H  BOX. 


rii 


>Iu.  l.i»ii>i;b  lioi'  uo.\. 


same  time  tho  box  ia  coverml  over  with  a  rover  of  Bheot  iron  (Fig.  5,  k), 
whicli  i^'iichea  neai-ly  to  the  gioiuiil,  and,  while  it  checks  mdiation, 
couiimsIb  the  heated  air  tu  tnivul  over  tho  whole  exterior  of  the  box 
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(i.sai|>e  )»y  Ijolea  at  the  top  of  the  cover,  whence  it  is  couducled 
iutoa  cinmney  by  a  tu)je  (l).  By  the^e  two  means  combined,  thu 
shelvefl  below  ami  the  cover  rovrnd  about,  we  get  a  uniform  browning 
of  Uje  cotUm.  Into  such  a  box  the  roquiwto  number  of  vewjelH  are 
introduced  (Fig.  5).  An  aperture  in  the  top  of  the  box  well  piicked 
with  cotton  wool  transmitH  a  thei-raomet^r  (m),  to  show  us  when  the 
t«mi)emtui-e  of  300*^  F.  has  been  reiichwl,  wid  when  thi».  or  any  other 
higher  degree  short  of  350'-  F., 
hay  been  continued  for  two 
hours,  the  ga£  is  turned  otf 
and  coobng  is  allowed  to  lake 
phice ;  and  when  the  apparatus 
is  quite  cool,  the  covciwl  glasses 
may  Iw  I'emovod  with  confi- 
denue  that  they  are  perfectly 
free  fn»m  living  or;jjiiiiisms/ 

In  this  manner  Mr.  Libter 
puritia*  hiji  tlosks.     The  htrger 
flasks  have  two  necks,  a  hirgo 
verticjil  one  and  :t  lateral  oue, 
which  Lh  a  bent  Bpout,  hirgo  at 
it^  commenoeiueiil   and   coni- 
paruti  vely  nanitw  at  its  shoiter 
terminal  part,  tieyond  the  bentl 
(Fig.   6,  o).     The  hirge  size  of 
the  tirst  )Mirt  provonta   it  from  acting  as  a  siphon,  and  the  result  is 
that  when  the  liquid  is  poured  fi*oni  such  a  flaitk  and  the  vcesel  is 
afterwartls  restored  to  the  erect  position,  tlie  end  of  the  nozzle  remains 
tilled  with  a  drop  of  the  liquid,  and  this  guiiids  the  ori6ce  so  that 
i*<^nrgitation  of  air  cnn  never  take  place  throtigh  the   nozzle.     ThiH 
drop  of  Hui<l  Ix'ing  sacked  away  by  means  of  a  carbolised  rag,  a  pure 
coltuu  cap  i.s  tied  over  the  orifice,  and  the  flask  is  kept  for  future  use. 
ThLs  flask,  purified  by  heat  and  with   each   oriiice  covcre<l  with 
pure  cotton  aii*^,  is  iiswl  for  the  i.'X{>eriments  (see  Fig.  7).     Tlie  fluid 
to  be  tested  Is  inti-ciduced  into  it  by  means  of  a  siphon,  consisting  of 
twoglaas  tubes  (s  and  T)oonneoted  by  a  tnbe  of  india-rubber  (a),  with 
a  sto]»-cock  (v)  in  the  cnurse  of  the  india-rubber  tubing.     The  siphon 
is  tin»t  completely  tilled  with  water,  the  temperature  of  which  should 
l>e  highpr  than  that  of  the  air,  so  that  there  is  no  dissolved  aii*  given 
otf  to  form  bubbles.     Place  one  leg  of  the  siphon  in  the  vessel  contain- 
ing the  fluid  to  1>e  used  (w),  then  tui-n  the  tap  and  [>ei-mit  a  sufljcient 
amount  of  fluid  to  flow  out  to  ensure  that  all  the  wat'^r  lias  escaped 
from  the  hiphunj  then  turn  olT  the  6t<.ip-cock,  wiutU  the  uutaide  of 

c  2 


Fio.  6.— Mr.  LiftTkiiV-  laui.l 
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the  tube  (t)  with  carl>olic  lotion,  wrap  a  mass  of  carbolised  rag  (y) 
around  ito  lower  extremity,  and  apply  this  to  the  mouth  of  the 
(x)  iks  fiaon  ae  the  cotton  cap  ia  removed,  piuth  the  tube  fiteodiljr 
down  to  the -bottom  of  the  Husk  through  the  carbolised  rag,  turn 
the  stopcock,  and  let  the  re<{uired  amount  of  fluid  tlow  into  the 
(Fig.  7).     Wheu  thiti  has  taken  place  the  tap  is  again  turned  off, 


Fig.  7. — Metuoo  <>k  uLt.i.^u  uic  klasks. 

siphon  Ls  withdrawn  through  tho  foitiBciitic  rag,  and  a  fre«h  cap  of 
carbolised  cotton  (tin?  cott4ui  is  cjirbolineil  by  being  sotiked  in  a  solu- 
tion of  one  part  of  rrvstalli-scd  curlK>lic  acid  in  one  hundred  (nirtB 
of  anhydrous  ether  juid  allowe<1  to  dry)  is  litni  over  the  mouth  of 
the  flask  when  the  rag  is  withdmwn.  Tlie  lluid  is  now  hvaled  for 
the  desired  length  of  time,  and  thon  abandoned  under  the  protection 
of  the  CBpa. 

In  this  way  Mr.  Lister  Imn  found  that  In;  can  ]>re8erve 
tuniip  infusion,  hay  infusion,  urine,  fresh  milk,  &c.,  for  any 
Irngth  of  time  witliout  any  altcrutitm  taking  place.  To  pre- 
ser^'cr  luilk,  the  flask  containing  it  \&  imiuersed  in  boiling  water 
for  half  an  hour  or  mure- 
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Bat  this  is  not  all,  for  these  fluids  can  be  transferred  to 
smaller  vessels  without  undergoing  any  fcnnentation  after  this 
tmnsferrence.  This  is  done  as  iVillows:  a  li<jueur  glass  (a)  is 
covered  by  a  glass  cap  (b)  (watch  glass),  and  the  whole  by  a 
glass  shade  (c),  the  liqueur  glass 
and  the  shade  standing  on  a  glass 
plate  (see  Fig.  8 ).  This  arrange- 
ment is  intrtKluced  into  the  hot 
box  and  thonmghly  purified. 
Thus  we  have  a  piu^  glass  filled 
with  pnreair,  and  the  pn>blem 
is  to  transfer  the  fluid  from  the 
flask  to  the  glass  without  con- 
tamination in  the  process.     To 

do  this,  the  cotton  caji  is  removed  from  the  nozzle  of  the  flask 
(Fig.  7,  z)  and  the  end  of  this  is  instantly  slipjied  into  an 
opening  in  the  centre  of  half  an  india-rubber  bull  {Fig-  9,  r) 
previously  steeped  in  a  strong  watery  solution  of  carlxilic  acid. 
The  outer  glass  shade  is  then  removed,  and  the  watch  glass 
being  lifted,  the  india-nibber  cap  is  instantly  npplieil  in  its 
place  (see  Fig,  Vt).  The  re*^juircd  (pinntity  of  fluid  is  then  poured 
into  the  glass,  and  the  cap  and  shade 
immediately  reajiplied,  A  frr'^h  cotton 
caji  is  now  tied  over  the  nozzle  of  the 
flask,  in  this  manner  any  number  of 
glasses  may  be  charged,  and  thefic  are 
found  to  remain  as  jjure  and  uniilttTcd 
as  the  fluid  in  the  original  flask. 

And  now  observe  what  such  experi- 
ments teach.  In  the  first  jiloce,  into 
the  original  flask,  when  cooling,  air 
enters,  but  this  air  having  j)a8sed 
through  a  cotlon-wool  plug  is  incapable 
of  causing  putrefaction.     Then  in  the 

decjmting  of  this  liquid  from  the  flarik,  fresh  air  must  enter 
through  the  large  mouth  of  the  flatk,  but  as  this  i>a98es  through 
a  filter  of  cotton  wool  it  is  in  like  manner  incajKible  of  causing 
fermentation.  Further  the  liciueur  glasses  are  full  of  air,  which 
has  either  been  previously  heated,  or  which  has  beeu  filtered 


Fiii.  'J. 


22     THE  PARTICULATE  THEORY  OF  FERMENTATIOK 

through  the  cotton  wool  around  the  door  of  the  hot  box.  The 
fluid  when  |x>ured  from  the  flask  into  tlie  glass  mixes  freely 
with  this  air,  but  no  change  is  set  up.  And,  lastly,  the  loosely- 
fitting  glass  cap  and  shade  allow  a  free  interchange  of  air,  but 
are  so  placed  as  to  make  sure  that  the  air  dejwsits  its  dust 
outside  the  glass,  thus  corresi^nding  in  action  to  Pasteur's  flasks 
with  the  bent  necks.  In  spite  of  all  these  opportunities  of 
admixture  with  the  gases  of  the  air,  all  sorts  of  fluids  remain 
unaltered,  while,  on  the  other  hand,  the  same  liquids  exposed 
freely  to  unfiltered  air  rapidly  undergo  fermentative  changes. 

These  experiments  are  of  themselves  an  absolute  proof  that 
the  gases  of  the  air  alone  are  unable  to  cause  fermentative 
changes  in  organic  substances. 

In  1874  Dr.  Roberts'  demonstrated  again  that  fresh  milk 
and  other  substances  could  be  i>revented  from  putrefying  if 
kept  in  a  flask  with  a  cotton-wool  plug  after  having  been  pre- 
viously boiled. 

Hia  method  was  as  follows  :  An  ordinary  delivery  pipette,  having 
on  it  an  oblong  bulb  capable  of  conttiining  30-50  ec,  was  sealed  at  one 
end,  and  the  materials  to  be  experimented  on  were  then  introdwced 
into  the  bulb  until  it  was  two-thirdK  full  (Fig.  10,  a).  The  inside 
of  the  neck  of  the  bulb  was  next  wiped  dry,  and  a  pUig  of  cotton 
wool  was  inserted  about  it«  middle.  Lastly,  the  nock  was  diuwn 
out  above  the  plug  and  sealed  in  the  flame  (Fig.  10,  n). 

When  the  bulb  was  thus  chai-ged  and  scAle<l  it  was  weighted  with 
a  leaden  collar,  and  submerged  in  the  upriftht  position  (so  as  to  pre- 
vent the  wetting  of  the  cotton-wool  plufj)  in  a  can  full  of  water. 
The  can  was  placed  over  a  source  of  heat  and  boiled  for  the  re- 
quired time.  Tlie  bulb  was  then  withdrawn  and,  when  quite  cold, 
it«  neck  was  filed  off  alx)ve  the  cotton-wool  plug  (Fig.  10,  c). 
Finally  it  was  set  aside  in  the  upright  position  and  maintained  at  a 
suitable  temperature. 

By  exi)0sure  to  the  heat  of  Iwiling  water  for  from  twenty  to 
forty  minutes  Roberts  was  able  to  preserve  those  substances 
with  which  Schroeder  and  other  observers  had  failed,  viz.,  milk, 
pieces  of  meat,  and  egg  albumin. 

In  1876  experiments  were  published  by  Professor  Tyndall* 

•  PkiUnophiflal  Transactionx^  1874. 
■  Pkiloiopkical  Tran*acHont,  187C. 
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which  afford  dtill  further  evidence  on  this  subject.  I  have  al- 
ready mentioned  the  method  by  which  he  demonstrated  the 
presence  or  absence  of  piOrticlea  in  suspension  by  pnaaing  a 
powerful  beam  of  light  through  the  air  to  be  examined.  lie 
found  that  *  in  order  to  render  air  optically  pure  it  was  only 
necessary  to  leave  it  to  itself  for  a  sufllicient  time  In  a  closed 
chmnber  or  in  a  suitubly-t'losed  vessel.  The  floating  matter 
gradually  attaches  itself  to  the  top  and  sides,  or  sinks  to  the 
bottom,  leaving  behind  it  air  jwssessing  no  scattering  power. 
Sent  through  8uch  air  the  most  conueutjated  beam  fails  to 
render  its  track  visible.' 


^ 


Pio.  10.— Dr.  Bobkrtb*  nrLiia  (copied  pkom  Roberts). 

Hii>  nu^tbod  ns  desci-ilteil  hy  himself  is  w^  follows  :  *  A  chamber  or 
caac  was  oonHtructed  with  a  glutvs  front,  itt«  top,  Itottoiu,  liuck  atid 
sidos  being  of  wood.  At  the  back  i^  a  httle  dour  whicli  opens  and 
clofien  on  hinges,  while  into  the  sides  are  inserted  two  panes  of  glai^ 
facing  oacb  other.  The  whIIs  of  this  case  are  smeared  with  glycerine 
in  order  to  nitdse  the  dust  adhere.  The  top  i^  perforated  in  the 
middle  hr  a  hole  2  inches  in  diameter,  closed  air-tight  by  a  sheet  of 
india-rubber.  This  sheet  is  pici'ced  in  the  middle  b}'  a  pin,  and  through 
the  pinhole  is  jiaaseil  the  slmnk  nf  ii  long  pipette  ending  ftl>ove  in  a 
small  funnel.  A  circular  tin  collar  2  inches  deep  surifinnds  the 
{Hpette,  the  space  between  both  being  pticked  with  cotton  wool  moia- 
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toned  with  glycerine.  Thus  tlie  pipette,  in  moring  up  %x\A  down,  i« 
not  only  fiimly  claspe<l  by  tlie  intlui-rubber,  but  it  alr*o  jutssofl  through 
a  staffing  box  of  sticky  cotton  wool.  Tho  width  of  tlie  apertuw>, 
closed  by  tho  india-rubber  secures  the  fr«^  lateral  play  of  tho  lower 
end  of  the  pipetU*.  Into  two  other  Hnmll  tipertunw  in  the  top  of  the 
cupboard  are  inserted,  air-tight,  tho  open  ends  of  two  narrow  tubeft 
intended  to  connect  the  interior  space  with  tho  iitniosiihoro.  The 
tubes  are  bent  Keveral  times  up  and  down  ho  its  to  intercept  and 

retain  tliu  ])urtic1es  carritMl  by 
Duch  feeble  currents  as  changes  of 
temperature  might  cause  to  set  in 
between  the  inner  and  tho  outer 
air  (see  Fig.  11).  i 

*The  bottom  of  the  box  ia 
pierced  with  holca.  in  which  are 
tixod,  air  tight,  twelve  tost  tubea^, 
intended  to  contain  the  liquid  to; 
1>e  ex]>oseil  to  tho  action  of  thftj 
moteless  air.' 

The  case  so  prepared  is  cloHed' 
and  allownl  to  stmid  for  thi*ee  or 
four  days,  till  it  is  found  l»y  the 
lieani  of  liglit  that  all  the  dust  haa 
settled.  Then,  the  pipette  being 
dip|ied  into  the  test  tubes,  the 
fluid  to  l>e  exi*erimentod  on  is 
introduced  into  each  in  sncce»<sion. 
They  are  then  lx)ile<i  for  five 
minutes  in  n  brine  bfith.  During  tbe  cooling,  plugs  of  cotton  wool 
(ire  introduced  into  the  small  external  convolutwl  iul*es,  but  theee 
plugs  an*  jifterwanla  withdrawn.  The  appanitus  is  then  kept  at  A 
suitable  tempenitni-e  and  nt  perfect  rest.  At  the  same  time  a  part  of 
the  same  infusion  bf)iltHl  for  tlie  Bamo  lengtli  of  time  \a  pbiced  outaide 
the  box  in  free  contiict  with  tho  air- 
In  this  way  TyiidiiH  has  been  able  to  presence  for  an  inde- 
finite time,  boiled  unne,  mutt'»n  infusion,  bec-f  infusion,  haddock 
infupion,  turnip  infusion,  hay  infusion,  infusion  of  sole,  liver 
infuHiaii,  infusion  of  hare,  rabbit,  ]iheasaii(,  gronsp,  codtish, 
turbot,  herring,  Tinilk't,  fowl  and  kidney;  while  flasks  contain- 
ing the  same  infasiong,  left  exjKised  to  the  air  after  boiling  for 
tlie  same  length  of  tia^e,  invariably  putrefied  in  a  few  days. 
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This  cx|>crinieTit,  though  resembling  in  ninny  rospeots 
Pasteur's  ex;[>eriment  ^vith  the  flasks  with  long  bent  necks,  differs 
from  it  mnt{»rially.  In  Pasteur's  experiment  the  whole  of  the 
interior  of  the  vessel  is  acted  on  hy  the  heat,  and  thus  when  the 
boiling  is  ended  there  is  no  part  of  the  flask,  except  the  neck> 
which  contains  any  particles  capable  of  causing  fermentation. 
In  this  case,  however,  the  steam  from  the  tubes,  passing  into 
a  larger  chamber,  is  not  able  to  destroy  the  vitality  of  tlie  dunt 
lining  the  walls  of  that  chamber,  and  therefore  the  infusion  is 
hero  not  only  in  contact  with  ordinary  air  which  has  nut  been 
acted  on  by  heat  nor  filtered  of  its  dust,  but  the  septic  dust 
itself  is  present  in  the  same  vessel  though  not  in  actual  ctmtact 
with  the  fluids.  Tyndall  fotmd  that  as  soon  as  ordinary  labora- 
tory air,  laden  with  dust,  was  admitted,  putrefaction  commenced- 

Tyndall  has  further  shown  that  the  gases  arising  from 
putrefying  substjujces,  however  foul  smelling,  cannot  produce 
decomposition  in  other  fcrmentescible  liquids,  although  this 
readily  occurs  when  ordinary  dust  is  admitted. 

Tlius,  *on  the  30th  of  November  a  quantity  of  animal  refuse, 
emhi-acing  beof,  fiah,  rabbit,  hare,  waa  placed  in  two  large  teat  tubes, 
opening  into  a  protecting  chanilier  contiiiniugsix  tubes.  On  Deoeniber 
13th,  when  the  refuse  was  in  a  state  of  noisome  putrpfrtction,  infusion 
of  whiting,  tiu'nip,  beef,  and  mutton  wej^  placeil  in  the  other  four 
inbes;  they  were  then  Iwiled  and  abmidonod  to  the  action  of  the  foul 
sewer  gases  emitted  by  their  two  putrid  companions.  On  December 
25th  these  tul)es  were  still  unchanged.  On  the  8»mc  day  the  ond  of 
the  pipette  wuk  dip[jetl  into  ony  of  the  piitiid  tubes  uuJ  tbeu  inserted 
into  the  turnip,  and  on  the  *27th  a  similar  K|HH*k  was  tranafen*ed  to 
the  whiting.  These  rapidly  underwent  decomposition,  wliile  the 
rcauumng  two  tubes  reioninod  unaltere<l.* 

By  o]»emting  in  the  manner  described  by  Mr.  Lister  I  have 
succeedi'd  equally  well  in  preserving  fresh  milk,  meat,  cucumber 
or  turnip  infusion  for  any  length  of  time.  As  I  shall  have  to 
refer  at  a  later  period  to  experiments  in  which  extensive  use  is 
ramie  of  the  ease  with  which  these  fluids  can  be  preserved 
though  retaining  great  readiness  to  undergo  fermentation,  I 
nee*l  not  say  more  at  j»resent. 

Not  only  is  air  which  has  been  filtered  incapable  of  caus- 
ing fermentation  in  a  boiled  liquid,  but  air  which   has  been 
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acted  on  by  carbolic  acid  is  also  witbout  effect.  I  may 
mention  a  few  facts  made  out  l>y  myBelf  in  8Uj>port  of  this 
statement. 

In  the  small  room  in  which  most  of  my  experiments  were 
done  it  was  almost  imjx)S3ible  for  me  to  transfer  fluids  from  one 
flask  to  another,  by  Mr.  Lister's  method,  withontcont<imination 
and  subsequent  fermentation,  but  if  I  performed  the  same 
manipulations  in  a  sj>ray  of  about  1  to  30  carl>olic  acid  and  wat*T 
I  could  transfer  all  sorts  of  fluids  with  ease  from  one  flask  to 
another  without  any  risk,  even  though  done  in  the  most  leisurely 
manner.  In  doing  this  I  have  used  Mr.  Lister's  double-necked 
flasks  without  the  protection  of  the  india-rubber  cap.  I  have 
also  in  a  few  instances  simi)ly  ixmred  the  fluid  from  one  single- 
necked  flask  to  another,  and  when  this  was  done  in  a  carlwlic 
acid  spray  without  other  precaution,  the  flui<l  remained  jmre. 

Tliat  milk  once  rendered  biirreii  by  boiling  can  Ije  reatlily  pitseiTod 
for  any  length  of  time,  though  redlining  it«  caixahility  for  undergoing 
fermentation,  Ls  shown  by  the  following  experiment. 

On  January  30th  milk  waa  prei>aredby  boiling  for  twenty  minutes 
in  a  flask  pnriSed  by  boiling  distilled  water  in  it  under  a  cotton  cap, 
tlie  flusk  l^ing  afl^rwards  dried  by  hetit. 

On  the  same  afternoon  thi-ee  purifietl  tul)es  with  glass  caiw  and 
shades  (just  like  Mr.  Lister's  liqueur  gl(w«es)  wei-e  half  filled  with  this 
milk  under  the  spray. 

Fehntarjf  6. — Tlie  cajw  were  removed  undor  the  spray,  and  a 
heated  needle  heing  introduced,  portions  of  the  flaid  were  taken  from 
each  tube  for  microscopical  examination.  All  the  milks  wei-e  found 
to  present  the  normal  appearance  of  fresh  milk  externally  and  micro- 
scopically. 

F^hnmry  \\. — Examined  as  before.     No  change, 

February  19. — No  change. 

Mardt  3. — Still  fluid  and  unchangetl  in  appeanince.  Two  of  the 
tubes  were  now  tested  by  the  addition  of  a  di*op  of  fluid  from  a  tul)e 
containing  milk  which  had  been  left  open,  and  which  had  putrefied. 
In  three  days  the  milk  in  these  two  flasks  had  separated  into  two 
layers,  and  had  lost  its  normal  chai-acters. 

AprU  n. — The  milk  in  the  third  test  tube  still  remains  un- 
changed. 

I  might  multiply  instances  to  show  that  milk  and  otlier 
fermentescible  fluids  can  be  kept  in  this  way  for  months  at  a 
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suitable  temperature,  without  undergoing  any  change.  This  is 
not  due  toauyelTeft  of  the  carbolic  acid  on  the  milk,  because  milk 
so  i)reaerved  rapidly  undergoes  fermentation  when  exjiosed  to  the 
air.  Indeed  the  minute  quantity  of  the  siilution  which  comes  in 
contact  with  it  can  have  no  effect  whatever,  as  is  shown  by  the 
following  experiment  performed  in  1877. 

Fthniari/  1.— Fivo  pure  t«j?t  tubes  were  taken  and  into  each  wa« 
introdticetl  100  minims  of  )>oile(l  milk,  along  with  n  certain  nuni>>prof 
minims  of  watery  solution  of  au-bolic  acid,  1-20. 

To  No.   I.  were  added  2  niius.,  inaktug  a  proportion  of  1-1000. 
„      II.         „  5  „  ,.  „  1-400. 

„     III.         ,.  10  ,.  „  „  1-200. 

„      IV.         „  20  1-120. 

..        V.         ,.  50  „  „  ,.  l-OO. 

Tl»ey  were  then  shaken  up  and  left  ex|>o.se<i  to  the  air  for  twenty- 
Four  hours,  and  aflerwnrda  covered  with  very  loo^^ely.fitting  cnps, 
which  wei-e  removed  at  intorviilft  during  the  following  day. 

Fi4nnutnf  6. — Tlic  milks  woi-e  l)eginning  to  alti-r  in  appniranoe 
and  to  5ie|»amte  into  layers.     This  wa.s  the  cajic  even  in  No.  V. 
Ajrrii  19. — They  were  all  much  advancwl  in  decomj^osition. 

Thus  we  see  that  decanting  can  be  safely  done  in  a  spray 
of  carbolic  acid,  the  fluid  still  remaining  a»  putrescible  as  ever; 
while,  on  the  other  hand,  cx])erirnoe  hnd  hinght  me  that  in  the 
fiarticular  room  to  which  I  have  referred,  it  was  very  ditlicult 
to  decant  successfully  without  tlie  spray. 

The  following  exjx^riment  which  I  |)erformed  some  time 
ago  directly  proves  the  eflicacy  of  the  spray  : — 

Two  flasks  containing  pure  milk  wei-o  oj>eiieil  in  my  room,  and 
left  open  for  ten  minutes.  In  liutli  bacteria  developed.  As  noon  iih 
these  IIa*ik.H  wore  removed  two  other  flasks  «imilarly  charged  were  pnt 
iii  the  same  pliice  in  a  fine  cloud  of  carbolic  8i)ray,  Tliey  were  opened 
and  left  o|>en  for  ten  minutes.  TSoUi  of  these  i-emained  pure,  though 
when  inoculated  at  a  Inter  period  organisms  rapidly  developed  in  them. 
When  they  were  removed  ttiespray  wa.s  Ktoppe<l,  and  two  fresh  fl»sks 
were  placed  in  the  same  positimi,  opened  and  left  ojien  for  ten  minutes. 
One  of  the  latttu*  rcmaint'd  pure ;  in  the  other  organisms  ap])eiLred. 
(As  will  be  later  pcen,  the  pre«onc*e  of  organisms  is  synonymous  with 
the  presence  of  fermentation,  and  their  absence  with  the  al)scncc  of 
Ruch  cluuiges.) 
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THE  PARTICULATE  THEORY   OF  FERMENTATION   {continued). — 
ON  THE   FERMENTATION   OF   UNBOILED  SUBSTANCES. 

Grape  juice — Gay-Lu*9ac — Van  drr  Broeck — Pmctfur — Itohirtu;  blood— Tiirt 
tUr  Broeck — Pagteur — Burdon-Sandtrton — Linter — J/y  otrii  rtsvIU;  un- 
boiled urine— T««  der  Brmck — Ptt^eur— Lister— My  own  rcitHlts  -Itobrrt* 
— CazeiwHre  and  Linm  ;  mWk—Ifoppf-Seylcr—Ifobtfit—Liitttfr  -  My  otrn 
experinwntit \  egg  albumen^ T(*«  dcr  Broeck  — Oayon — Bitbcrtit — My  otrn 
Citperimenis;  vegetable  tiasues—iifoArT^ ;  animal  liasues~//i//ftrfA-  Tifycl 
— Burdon-Sandcriion'—My  of»n  cxperimenU — Ckieneand  Etrart—Meixtner — 
Qeneral  review  of  the  facts — Behaviour  of  similar  lluids  and  ti»8ncs  in  the 
living  body — Principles  of  aseptic  surgery. 

While  it  cannot  be  doubted  that  tlie  causes  of  the  fermenta- 
tion of  boiled  fluids  aiui  tissues  are  imrticles  which  reach  them 
from  the  air  and  from  surrounding  objects,  is  this  equally  the 
case  with  the  unboiled  ?  ExiHJrimenta  with  these  substances 
are  apt  to  yield  very  contradictory  results,  for  it  is  a  matter  of 
extreme  difficulty  to  prevent  their  contamination  after  their 
removal  from  the  living  body.  How  this  hiis  been  managed 
and  with  what  results  we  must  now  enquire. 

I. — Orape  Juice. 

Gay-Lussac  in  the  research  mentioned  before  attempted  to 
ascertain  whether  unboiled  grape  juice  remained  unaltered  when 
oxygen  gas  was  excluded.  He  took  a  bell  jar  and  introduced  into 
it  small  grapes,  still  intact.  Tlie  jar  was  now  reversed  over 
mercury,  and  was  tilled  five  times  with  hydrogen  gas  in  order 
to  wash  out  all  the  oxygen.  The  grapes  were  then  crushed  by 
means  of  an  instrument  introduced  through  the  mercury,  and 
the  juice  thus  obtained  was  kept  at  a  temperature  of  15°  to  20° 
C.     Fifteen  days  later,  no  fermentation  having  t<»ken  place,  a 
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?niall  quautity  of  oxygen  was  introduced,  and  imme<liately 
feniKMitatiuu  cmmneuced. 

From  these  exy>eruneut  s  he  concl  udes  that  the  oxygen 
iiitrodiK'fd  osiust^i  the  ftrrmentation.  I^iit  here  there  are  two 
main  fallaciei?.  In  the  first  place,  the  skins  of  the  grape  were 
left  mixed  with  the  gnipe  juice,  no  sufficient  means  being 
taken  to  de!Jtr«:>y  any  solid  particles  a<lhering  to  them  ;  and  then 
also  the  oxygen  introduced  might  have  carried  in  the  necessary 
particles.  There  can  indeed  be  no  doubt,  from  Pa8teur*a  sub- 
sequent-investigations, that  the  Torula  ccrevisiie — the  cause  of 
the  alcoholic  fermeutiition — was  present  on  the  nkins  of  the 
grapes ;  and  Pasteur  has  further  iiihown  that  oxygen  is  absolutely 
necessary  for  the  develi»pnient  of  the  old  cfUs  of  the  Torula, 
though  the  young  cells  may  go  on  developing  without  the 
presence  of  free  oxygen.  The  explanation  of  Gay-Lussac's 
exi*erinient  is,  therefore,  that  the  old  Tonda  cells  present  could 
not  develop  without  oxygen,  but  that  when  a  HUiall  quiuitity 
of  oxygen  was  iutnxJuce^d,  they  developed,  and  fermentiition 
occurred- 

The  next  attcjnpt  to  ]>rcscrve  grape  juice  of  which  I  can 
find  any  record  was  made  by  Van  der  Broeek,  nud  narrated  to 
the  *  Provincial  (Jcscllschart  fiir  Knnt^t  uiid  Wissenschaft,,' 
Utrecht,  January  1858.     His  methcKl  was  the  following': — 

Small  txtikkers  were  tilled  with  itiercury,  and  then  Ijested  in  a  «md 
bath  till  the  boiling  point  of  the  mercury  wius  almost  reached.  From 
time  to  tiuie  they  were  placed  undtT  th^  i-eceivtT  of  nn  nir-pump,  and 
at  the  same  time  Hhukeu  in  uitlcr  to  detach  any  bubbles  uf  ga*i  adher- 
ing to  the  side  of  the  Hiusk.  This  process  of  lieatin^'  and  exliaustiiig 
was  continued  till  all  the  air  was  removed  fruni  the  l)oltoui  oi  sides 
of  the  glass.  These  glassea  were  then  inverted  in  a  basin  coutaining 
pn-viously  heated  merciirj',  and  were  firuilv  fixed  in  this  jjo^ition. 
Ri|)e  and  uuinjui*ed  gntpos  were  now  ptu<aed  into  the  nu'rcury  Jiud 
brought  umler  tlic  orifice  of  the  flask,  a  |M)rtion  of  the  skin  of  the 
gni]>e  was  elipi»ed  out  by  a  heated  knife,  and  by  gentle  pressure  some 
of  the  juice  was  made  to  ascend  in  the  vessel,  the  I'est  of  tlio  grape 
Iw^inj;  removed.  Whpu  a  sufficient  quuutity  of  juice  ha<l  lieen  thus 
introduced  tho  veKseU  wcM*e  plivce<l  in  a  rot)in  of  which  the  tempera- 
ture was  25°  to  28''  C,  and  f^riipp  juice  tlius  obtaineil  couhl  ho  kept  for 
months  or  years  without  undergoing  i\ny  change. 

'  tico  AHHtiUn  dcr  CkcNiie  uud  J'/iarmacirtCxy.  I860. 
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In  this  erj>criuieiit  not  only  was  all  air  exoludefl,  but  the 
dust  adhering  to  the  walls  of  the  vessel  and  in  the  mercury 
was  subjected  to  sti*ong  h<yit,  and  its  fermentative  |»ower 
destroyed.  The  juice  of  the  grape,  in  ascending  through 
the  mercury,  did  not  corne  in  contact  with  unhcatcd  dust,  nor 
did  it  touch  the  ekin  of  the  grape. 

Into  some  of  the  Saskfl  containing  pure  grajM*  juice  obtaincii 
in  this  way,  pure  and  fresh  oxygen  was  introduced  from  a  retort 
containing  chlorate  of  |>otjish  and  oxide  of  coj)per,  (The 
nozzle  of  the  flask  was  heated  previously  to  its  imroersioa  in 
the  mercury,  and  the  oxygen  was  allowed  to  stream  out  for  a 
time  sufficient  to  wash  out  all  the  dust.)  In  none  of  these 
flasks  was  there  a  trace  of  fermentation.  Into  others,  atmo- 
spheric air,  passed  through  a  mans  of  cotton  wool,  was  intn>- 
duced  iu  the  same  inamier.  but  without  producing  any  eflecl. 

Into  these  vessels  containing  oxygen,  yeast  was  introduced 
in  minute  quantity,  and  fennentation  at  once  commenced. 
Into  others  containing  only  gnii>e  juice,  young  cells  which  had 
never  been  exposed  to  free  oxygen  were  introduced  by  a 
methyl  whieli  ly  fuUy  described  iu  his  research,  and  these  also 
caused  fmuentatiou  ;  thus  proving  that  oxygen  is  not  necessary 
even  for  the  commeucement  of  the  change,  if  only  the  yeast 
cells  be  young  (three  or  four  days  old). 

By  these   experiments  it  was  absolutely  deraoustmted — 1 
That  oxygen  is  not  the  cause  of  the  fermentation  of  unboiled 
gnipe  juic*?;  and  2.  That-  Hie  juice  itnelf  contains  no  fennent. 

That  gr;i|)e  juice  contains  no  ferment  was  further  shown 
by  Pasteur,'  wlio  intrmluced  unl>oile<l  juice  into  his  fljisks  with 
bent  necks,  containing  pure  l:>ai!cd  juice.  No  fermentation 
occurred,  though,  as  he  says,  if  a  single  Torula  cell  bad  been 
added,  the  whole  mass  would  have  fermented. 

Dr.  Roberts^  likewise  succeeded  with  gnijte  juice. 

Teat  tul)oa  were  drawn  out  at  their  lower  ends  to  capillni^ 
pointti  and  sealed  in  the  flame;  tlie  xipixr  ends  -ttcre  pln^%'e<l  with 
cotton  wool ;  they  were  then  parsed  and  rcpasstnl  through  the  tliime  of 
a  spirit  lamp  until  they  were  qnite  hot,  us  shown  by  the  ccmmeucing 
charring  of  the  cotton.     (Fig.  12.) 

•  Kiev  en  st^iilised  tuljc«,  six  empty  and  five  containing  water,  were 

»  Eiuiirs  fur  Iu  Bicre.  >  Pkil.  Tran»actwH»t  1874. 
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cLnrgod  with  jjmpe  juioe  in  the  following  manner  :— A  fresh  ^rape 

was  tii-mly  geized  witli  the  finger  and  thumb,  and  a  spot  on  ite  surface 

was  pre»ted  fur  a  few  seoomls  against  tho  Hame 

of  n  spirit  lamji  so  as  to  destroy  any  adhering 

goruis.     Tiie  point  of  blio   sterilisetl   tube,   also 

heated  in  the  tiamo  and  quickly  flnipi>od  off  by  an 

asaistantf  was  then  thrust  into  the  grape  at  the 

heated  spot.     Compivasion  was  now  mtide  on  the 

grape  until  a  sufficient  quanlity  of  the  turbid 

juice  was  forced  into  the  tube,     llu^  tulw  wiis 

then  withdrawn^    and   its    poiDt    scaled  in    the 

flame.     The  eleven  tul»es  thus  charged  remained 

permanently  nnrhangod,  and  when  exnininod,  at 

various  |M'rio(ls  from  five  to  eight  weeks,  tho  tiiste 

and   rejLction  of  their  contents   were   undistin- 

guLsliablo  from  that  of  the  fresh  gi-ape  juice.* 


n.~Blood. 


Fig.  13  (i'aoM 
RoneRTS). 


Hlood    is   one   of   the  substances  which 
have  been  frequently  referred  to  as  having 
an  inherent  tendency  to  decomi>o.so,  but  several  exixLTimeuts 
have  now  deniunstnited  that  this  is  not  the  case, 

TIic  first  observer  who  succeeded  in  preserving  blood  wiis 
Van  der  Broeck, 

Van  der  Broeck  proceeded  as  follows : — Having  prepiu-fld  hia 
bcoJcetK  fille^I  with  iiierfury  aa  formerly  tlescrilvd,  he  introdnci'd  one 
eml  of  a  jireviously  heaU'd  c<>[n»er  tulx)  into  tho  carotid  iirtoiy  of  a  dog. 
To  the  other  end  of  this  a  caoutchouc  tube  was  oi>tineete<l,  while  the 
&eu  end  of  tbe  latter  dipped  into  the  mercury  ^"^  the  blood  piissed 
along  it  inU)  the  purilictl  iH-akens.  (This  cauutchouc  tube  had  been 
purified  by  the  ]ia.«-sa^  of  steam  through  it  for  aunie  time,  and  by 
placing  a  plug  of  txitton  wool  in  each  end  while  it  was  cooling.) 
The  vessels  were  then  kept  at  a  tcmpeiaturo  of  25"  to  30^  C,  for 
weeks  without  tho  contained  hUiod  undergoing  any  change. 

Into  sonrif  of  these  Hasks  oxygen  or  filtered  nir  was  intro- 
duced, but  still  there  was  no  putrcfactiou.  The  minutest  por- 
tion of  putrescent  or  even  non-putrescent  but  unhented  substance 
at  once  set  up  fermentation. 

In    1863,  Pasteur  *  stated  that  he  had  obtained  blood  from 

'   I'tfmjjfct  liendnM^  W\.  738. 
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healthy  uniinult)  by  meuus  prevuutiu^  contamination  with  un- 
heated  atmospheric  dust,  and  that  thin  blood  hud  remained  free 
from  change.  In  a  later  publication  ^  he  describes  the  method 
pursued. 

'  For  this  I  made  use  of  a  ila.sk  coimected  by  means  of  a 
caoutchouc  tube  with  a  bnuss  tube  aud  Ktup-cock.  The  two  partis 
of  the  tube  are  about  twelve  centimetres  iu  length;  tltat  which  ia 
free  is  filed  down  like  the  extremity  of  a  cauula.  In  order  to  cleanse 
this  vessel  from  all  living  dust  the  free  cxti-umity  of  Uie  brass  tube 
was   connected   with   a   platinum    tube    sti-ongly    heated,  a  amall 
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quantity  of  water  having  been  previously  iutruduced  into  the  ilask. 
This  water  is  then  Iwiled,  and  tlii'  flask  allowed  to  vool,  the  air  which 
enters  during  cooling  being  ]>reviouHly  heated.  It  is  well  to  boil  the 
water  iu  the  ilask  uu<lcr  pi*essuit',  to  effct't  wliicli  the  free  extivmity 
of  the  platinum  tu)>e  is  coiinectov]  with  ii  gltuts  tulK.>  bent  at  right 
angles,  which  dips  into  a  deep  vessel  IiIUmI  with  mtaTun'.  After' 
boiling  for  some  time  under  pressure,  this  tul»e  is  detaehwl,  and  Ixiiliiig 
is  continued  at  the  ordinary  i)X"essui'e ;  then  tlu^  flask  is  allowed  to 
cool  and  to  l>ecome  filled  with  heatetl  aii*.  Wlion  tlu;  fhusk  is  cold  the 
cock  is  shut  and  the  platinum  tube  detached.  Till  it  is  ivfpiiretl  it  is 
well  to  hold  the  orifice  of*  the  brass  tulic  down,  in  onlrr  to  ]»i-event 
dust  from  falling  intu  it.  IJefoi-e  lM.»ing  used  this  iwrtion  is  lieated 
carefully  iu  the  fiiimc  of  a  spirit  lamp. 

*  A  vein  or  ai-tory  of  a  dog  is  now  o|>eu(Hl,  the  end  of  the  bniKs  tulw 
inti-oilueed,  and  scciu-chI  in  tlit*  blood-vessel  liy  a  liguturc  ;  tlio  eock  is 
then  turned  on.  JUood  flows  into  the  fia>k,  atul  when  enough  has  Iw-en 
obtained  the  cock  is  shut  and  the  flask  ]>lHe(>d  in  a  suitJihle  teui|>era- 
turc.* 

As  a  result  this  blocxl  does  not  jtutrefy,  and  its  o(huir  re- 
mains quite  fresh.      There  is  not  even  an  active  absorption  of 

'   EtKdr»  ntir  Ja  Jtiir(\  IS70. 
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oxygon,  for  after  several  weeks  only  2  or  3  per  cent,  of  that 
gilt)  was  found  hi  liuve  disappeared  in  a  vessel  sealed  imme- 
diately after  the  blood  had  been  introduced. 

Dr.  Hurdon-Simd^Tson  '  also  ff.tund  that  hlon.I  1;(keii  from 
rubbitH  with  biiiluble  precautions,  and  put  into  pm*iiied  tiusks 
covered  with  cotton  wotil,  remained  free  from  change. 

Dr.  Roberts,'  ha\Hng  i»urificd  his  tubes  in  the  wny  descrilied, 
and  having  thoroughly  cleansed  his  finger,  punctured  it,  and 
sucked  up  about  two  drops  into  each  tulw*.  Of  ten  tubes  pre- 
jiared  in  this  way,  six  remained  unalti'ird.  This  ex]>ori]nent 
is  of  little  value,  j>artly  on  account  of  the  imperfect  method  of 
experimentation,  and  jwirtly  on  account  of  the  small  amount  of 
bicHxi  obtaincil. 

Mr.  lastt-r^  Unik  blomi  from  the  jugular  VL'in  of  an  ox  in 
the  following  manner :  — 

A  Ux^  ghiss  tubo  wtui  fixed  in  the  large  orifice  of  one  of  his 
double-necked  lliuiks,  the  interval  Ijelwt-eu  the  Hiisk  and  thtt  tulre 
beiug  UIUmI  with  tightly-iKicktHl  cotton  wool.  Over  the  cutter  und  of 
thih  ^1hs0  tubi)  u  cotton  caip  was  uppLied,  und  tliere  wuu  a  cotton  ciip  as 
usual  over  the  orifice  of  the  Hpout.  The  llask  thus  lu-ntuged  wii£  heated 
in  th(»  hot  Ifox.  The  jiigidar  vein  of  an  ox  having  Ihjcu  exjxieod 
ontiseptically,  wiia  divided,  the  cotton  cap  i*emoved  fi-om  tlie  end  of  the 
tube,  nnd  the  end  of  the  vein  slipped  over  the  orifice  of  the  tvibo. 
Blood  tlniA  dow(Hi  through  a  pure  tubo  into  a  pm-e  flask.  When 
enough  had  boon  obtained  the  vein  was  removetl  imd  a  pure  cotton  cap 
iiumiHliately  applicti  in  its  stead.  Before  c-oagulatiua  liad  uocurred, 
various  b'qnour  gl/iSKtw,  arranged  as  fortnorly  dc«crilx;d,  wore  charged 
from  tliG  hu*ge  l]ask. 

Hhxxl  so  obtAinitl  remained  lundtered  in  the  liijueur  glasseM 
and  in  tlie  Hask,  though  kejtt  for  sLx  weeks. 

Mr.  Listx'r  alsi»  found  that  not  only  bluwl,  but  blood  and 
water — a  much  more  i»utrescihle  mixture— reinainetl  unaltered. 
(The  water  was  intriMluced  into  a  large  pure  flask,  and  builetl  bo 
as  to  purify  it.  A  |»ortiou  of  blood  clot  from  one  of  t  lie  Hnueur 
glasses  was  then  s]¥>oned  into  the  flask,  careful  ]irecautions 
being  taken  against  the  entnmce  of  living  dust.) 

In  some  exiK-riments,  i>erfonned  in  a  manner  to  lie  shortly 

'    (^uarteriif  Ja^rnal  i\/  Micn^Kropirul  Srirtirt,  x\.  1871- 
*  A*»c.  cit.  '  .Virrfurajfimt  JimrnuJ,  1878. 
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deticribed,  I  have  found  that  blood,  removed  from  the  healthy 
living  IkxIv  and  placed  in  uilcined  flanks  (»r  in  flasks  containin|r 
infusion  of  cucumhtT,  may  be  preserved  for  an  indefinite  length 
of  time  without  altenitioiu 

Hence  blood  has  no  inherent  tendency  to  undergo  fermen- 
tative changes,  nor  can  oxygen  alone  induce  such  alterations. 


IIL— Urine. 

Healthy  urine  was  first  i)reserved  without  alteration  by  Van 
der  Broeck.  The  flasks  in  which  it  was  received  were  prepared 
in  the  iminner  b«*fore  dcscrilK*d.  An  animal  (dog  or  sheep) 
was  killed,  the  abdomen  was  i!nmcdiat<'ly  cut  ojien,  and  the 
ureters  and  urethra  liaving  been  rapidly  tied,  the  bladder  was 
removed  and  immer8e<l  in  the  mercury,  A  heated  needle  was 
then  intrrxluced,  and  the  bladder  was  toni,  the  urine  then 
ascending  into  the  glass.  This  mine  remaine<l  p\ire  even  after 
the  addition  of  oxygen  or  filten'd  air. 

In  the  same  [wiper  in  whicli  Pasteur  mentions  that  he  has 
succeeded  in  prest^rving  blood  he  stat*'«  that  he  has  also 
obtaintsl  pure  urine.  The  m<'thod  is  descrilxnl  in  his  *  Etudes 
sur  la  Biere.'  The  flask  with  its  nozzle  and  stojvcock  are 
prejwri'd  as  in  the  cast*  of  the  blocnl ;  then  the  free  extremity  of 
the  brass  tube  is  iutrtMluced  into  tlic  urethra.  Urine  Ix'ing 
passed,  the  stoji-coek  is  turned,  and  the  urine  flows  into  the 
flask.  Urine  thus  obtained  undergoes  no  fermentation.  *Klle 
deiK>se  des  cristaux  en  petite  quautite,  mais  siuis  se  tronbler 
ni  se  putrefier  d'aueune  fafon.' 

In  1871  Mr.  Lister  succeeded  in  obtaining  and  preserving* 
unboile<l  m*ine,'  The  method  he  employs  is  to  wash  the 
meatus  urinarius  and  theglans  penis  witli  1-40  earbt)lie  lotion. 
A  prepared  flask  is  then  taken,  the  e4»lton  cap  is  removed,  the 
glans  immediately  a]>i»lie<l  over  tlie  orifice,  and  urine  i»assed 
into  the  flask.  A  fresh  cotton  cap  is  then  applied.  This 
urine  may,  like  other  fluids,  be  decanted  into  liqueur  glasses. 
This  experiment  was  apparently  constantly  successful,  no  alter- 
ation occurring  in  the  urine  in  the  flasks  or  in  the  glasses. 

'  Tranmctions  oj  the  Itoyal  Socivftf  of  Kdinhurgh^  1875. 
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I  may  here  state  that  I  have  often  repeated  this  exi>eriiuent 
with  the  view  of  obtaining  pure  unboiled  urine  for  other  experi- 
ments, and  always  with  succeBS.  I  have,  however,  used  the  sj)ray, 
and  have  thus  avoided  the  neoessity  of  applying  the  glans  penis 
to  the  orifice  of  the  flask.  The  gUiUB  having  been  purified, 
tu-ine  is  simply  passed  in  a  spray  of  carbolic  acid  into  a  pure 
flask.  This  urine  |>assed  through  the  air,  but  that  air,  having 
been  acted  on  by  carbolic  iiL-id,  was  inert. 

Dr.  Boberts  has  also  obtained  similar  results  by  passing  urine 
into  a  pure  test-tube,  and  afterwards  charging  tubes  of  the 
form  preWously  described,  by  breaking  ofif  the  capillary  end 
below,  and  letting  the  urine  flow  up.  Of  eight  tubes  so 
obtained,  the  urine  remained  unaltered  in  seven,  while  in  one 
it  ]>utretied. 

Cazeneuve  and  Liven  *  succeeded  in  preserving  urine  in  the 
urinary  bladder  without  the  oceuiTence  of  any  alteration  in  it. 

A  ligature  was  placed  around  the  prepuce  of  a  dog  fur  five 
hours,  in  order  to  have  a  considerable  amount  of  uriue  in  the 
bladder.  An  incision  being  made  into  the  abdominal  cavity  at 
thi'  end  of  that  time,  the  lu-eters  and  the  urethra  were  li^tuied, 
and  the  bladder  was  cut  out.  The  bladder  was  then  suspended 
in  the  air  at  a  temperature  of  abt:)iit  2o"  C  The  wall  of  tlie 
bhidder  soon  dries,  and  though  liquid  slowly  transudes,  that 
liquid  e>'aporates  immediately,  and  thus  the  bladder  wall  cannot 
]mtrefy.  Urine  may  be  ke|it  thus  for  several  days  withmit 
undergoing  any  chaugL',  although  if  tlie  bladder  be  opeued  it 
becomes  ammoniacal  in  twenty-four  hours.  I  shall  return  to 
these  exjierinK'nts  at  a  later  ]k  riod. 

Thus  healthy  unboiled  urine  has  no  inherent  tendency  to 
putrefy,  but  follows  the  same  hiw  in  this  resjiect  as  boiled 
uriue. 

In  1859  Hoppe-Seyler  attempted  to  presen'e  milk  pure  in 
the  following  manner:—' 

A  small  funnel  was  cnrcfiilly  fastened  over  the  toat  of  a  goat.  To 
the  lower  end  of  this  was  fastened  a  piece  of  caoutchouc  tubings  tho 

•  Uerw  MennieUty  1877,  p.  733. 
'  Virchuw'e  Archiv.  xvii.  (18C3). 
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other  end  of  wliich  wiu  iittiich«il  to  a  glass  tube  Mow.  Tliis  f^lnss  tube 
]Mi.H^  down  to  the  bottom  of  a  gliua  test  tube,  the  uppor  rim  of 
which  was  provider!  with  n  i>ie<*o  nf  cju»iUc)iohc  tubjuii!  ojiou  ftbove. 
None  of  the  tulics  were  ht«te»l  nor  in  any  way  [uirilled.  The  milk 
WHH  now  withtlmwu  in  ii  continuouH  HtriMni,  »u  iuh  to  tluw  for  n  long 
lime  over  the  edge  of  the  ciuiutchouc  tube  till  it  watt  ijtiito  frei«  from 
bubbles  of  liir.  The  test  tube  was  then  lowertnl,  and  then,  while  the 
milk  was  still  flowiog,  the  csontcbouc  tiO>e  was  firnily  tied  around  a 
thick  gla^ifl  roil. 

Milk  obtained  in  thin  numncT,  and  kept  at  the  ordinary 
tempenitnre,  cctngulated  in  three  rhiys.  Hoppe-Seyler  therefore 
concluded  that  milk  when  ahefl  contains  a  ferment. 

This  ex]»erinient  [troves  that  oxygen  is  not  necessiiry  for  thd 
occurrence  of  fermentation  in  milk  ;  in  other  wor(Js,it  is  not  the 
cause  of  Buch  changes,  and  therefore,  as  the  tuljes  were  not 
purified,  the  cause  must  either  he  in  the  milkifatdf  or  be  some- 
thing ndhnring  in  the  tulies.  As  I  have  just  stated^  Hoppe-: 
Seyler  concluded  that  the  cause  was  inherent  in  the  milk. 

Wbich  of  these  is  the  true  agent  is  decided  by  the  followinyj 
experiments  pei'formed  by  Dr.  Roberts: — * 

*  A  glnsfl  tube  was  drawn  outfit  onph  ond  to  a  narrow  on'fiop.  Thm 
Icflser  jKirtion  (if  this  wns  tightly  wmp|»od  round  with  (wtton  wool  and! 
inflertetl  as  a  pluf;  into  a  largo  tost  tubo  containing  water  to  the  depth;] 
of  one  inch.  A  «ip  of  cotton  wool  waa  also  lie<l  over  the  narrow] 
oritioo.  The  wrtt*r  in  llie  tost  tube  w:w  thon  briskly  l»oiled,  and  tliej 
!>oiHng  WJLS  conlintird  almost  t^  drtness.  When  the  apjinnitns  waa- 
cold  I  took  it  into  the  cowhouse,  and  seizing  a  t*Mit,  I  pulled  oi 
fjnickly  the  cotton-wool  cap  and  pushed  the  nan-ow  |»oint  into  th< 
duct  of  the  tortt,.  flohlin^;  it  finnly  in  thi^<  position  I  milkptl  into  the- 
tcfit  tnho  until  MiHicient  milk  hivd  liet^n  ohtninwl.  I  then  dr^w  away 
the  teat  tubo  from  the  Httle  tube,  pressing  in  the  cotton  wool  around 
it  fts  I  did  fio,  Aintil  the  latter  was  entirely  withdrawn  fi*om  Um  tost 
tube, 

*  Finni  the  test  tulie  I  charged  ten  empty  ptire  tubes '  (in  the  manner 
(lt?ttcribed  under  urine),  ^  and  n^soaltxl  their  cnpilhiry  orifices  :  of  these 
ten  tubes  three  remained  unclmnged,  the  milk  remaining  perfectly 
normal  as  reptrds  tiiato,  reaction,  itc.  The  other  tubes  ciirdled  or 
puti^fied  in  ten  days.' 
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The  method  described  here  is  imperfect,  but.  the  fact  that 
three  tubes  remained  unaltered  absolutely  demonstrates  that 
the  cause  of  the  fermentation  is  n»>thing  inherent  in  the  milk 
itflelf,  hut  f*i>inetliiiiiT  which  it  iicquires  after  it  leaves  the  hiwly — 
that  something  being  particulate,  not  gaseous. 

Mr.  liister '  dewTibea  sevenil  series  of  exi>(»riments  performed 
with  the  same  aim.  In  one  of  these  he  succeeded  in  preserving 
the  milk  unaltered. 

A  number  of  little  tuboH  wcro  covered  with  glafiK  caps  and  fhndes, 
and  purified  in  the  usxial  mnnnor.  After  ji.  miny  day  ho  washed  the 
vulilcr  of  a  cow  nnd  the  hnnds  of  the  milkmnn  with  water.  A 
wiile  gloas  tube  connected  with  an  elastic  tubo  was  then  pliiced  under 
the  nipple  (tbe  gl.-iss  tuli*^  liml  liecn  hmtod  and  tho  elastic  tube 
boiled).  This  was  filled  with  milk,  and  then  each  little  tubo  in  suc- 
cession had  a  small  quantity  mti-odnced  by  relaxing  \he  elastic  tube. 

Of  twenty-four  tubes  so  pre|>arcd  and  charged  two  remained 
permanently  pure.  The  results  in  the  other  t  ubet*  eipiaUy  dctnon- 
strnted  that  the  cause  of  the  ferincntntion  of  milk  is  not  inherent 
in  the  milk,  for  the  milk  in  each  underwent  a  different  change. 
These  ex]»€rimcnts  will  be  more  fully  considered  at  a  lat^r 
period. 

While  in  the  Shetland  Isliuida  in  the  summer  of  1880  I 
performed  a  series  of  experiments,  which  consisted  in  obtiiining 
the  milk  under  the  protectirju  of  a  sprjiy  of  <-ari»oli<'  aciil,  A 
number  of  flasks  with  cotton  caps  nnd  long  necks  were  heat^ed 
before  leaving  I^ondon,  The  ndder  of  tbe  eow  and  the  hands 
of  the  milkmaid  being  washed  with  carbolic  liption  (1-20),  the 
flasks  were  uncorked  and  filled  with  milk  under  the  spray. 
In  doing  so  the  mouth  of  the  flask  was  held  as  close  as  possible 
to  the  teat.  The  cow  was  restive  and  would  not  allmv  me  to  do 
the  milking,  and  therefore  the  ex|M?riment  was  perfonned  by 
the  milkmaid.  Wh<'n  the  restiveness  of  the  cow,  the  inex- 
perience of  the  milkmaid  at  antiseptic  work,  and  the  dark  and 
dmnghty  cowhouse  are  taken  into  account,  it  will  not  be  sur- 
prising that  the  milk  in  a  considerable  number  of  the  flusks 
fermenteil;  but  nevertheless  evidence  was  got,  of  the  siune 
kind  as  that  obtained  by  Dr.  R^jberts  and  Mr.  Lister,  sufficient 


*  MicroMco/nMlJtntrttaif  1878. 
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to  disprove  the  existence  of  a  ferment  in  the  milk  when  with- 
drawn from  the  body. 

In  order  to  transfer  these  flasks  to  London  I  had  intended 
to  draw  out  and  seal  their  necks,  bnt  I  found  this  impossible, 
and  therefore  I  soaked  pieces  of  cork  in  carbolic  lotion,  inserted 
them  into  the  mouth  of  the  flask,  and  covered  them  with  tar 
—a  very  inefficient  method.  During  the  voyage  the  milk  was 
much  shaken,  and  some  of  the  corks  proved  inefficient,  as  shown 
by  the  leakage  of  the  milk. 

The  following  are  the  experiments,  with  their  results : — 

First  Expebihent. 

August  5,  1880. — The  udder  and  teats  of  the  cow  and  the  hands 
of  the  milkmaid  having  been  washed  with  1-20  carbolic  lotion,  and  a 
small  spray  being  dii^ected  as  well  as  possible  over  the  part,  eight 
purified  long-necked  flasks  were  filled  with  milk,  the  milk  being 
drawn  directly  into  each  flask,  which  were  held  as  near  the  teats  aa 
possible.  Eash  flask  was  re-covered  with  its  cotton  cap,  and  they 
were  then  placed  in  the  upright  position  in  a  warm  room. 

August  8. — The  milk  in  these  flasks  seems  unaltered.  There  is  a 
little  cream  on  the  top  in  each. 

August  10. — Ditto. 

Augtisi  24r. — Four  of  the  flasks  have  undergone  change,  the  change 
varying  in  nature  in  each  flask.  The  other  four  are  i>erfectly  fluid 
and  present  the  appeai-ance  of  pure  milk. 

To-day  the  corks  were  inserted. 

September  21  (twenty-three  days  after  the  transport  to  London).— 
Only  two  flasks  now  remain  pure,  the  other  six  hiiving  undergone 
alterations  of  various  kinds. 

October  27. — Examined.  The  milk  in  two  flasks  is  perfectly 
normal. 

The  result  of  the  first  experiment  was,  that  after  nineteen 
days  four  of  the  milks  had  undergone  iilteriitions  of  various  kinds, 
while  four  remained  apparently  pure.  On  October  27 — Le. 
after  two  months  and  twenty-two  days — two  milks  were  still 
perfectly  right,  in  spite  of  a  sea  voyage  and  great  disturbance. 
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Second  Experiment. 

AugnM  10.— Two  fla-sks  were  filled  afler  washing  tho  nilder  of 
tlie  cow  find  tlie  milkmaid's  hands  with  du-bolic  acid  (1-20).  No 
spray  m^. 

Auffuat  24. — The  milk  in  one  of  those  fliL-^ks  hns  undergone  altera- 
tions ;  the  milk  in  the  otlior  i«  perfet^Iy  pure. 

September  ^1. — Both  milkfi  have  coagulated  and  are  undergoing 
chnnges. 

(A)  Aft^just  10. —  Aflorthe  spray  employed  in  experiment  (c)  had 
l»een  Btopi)ed,  two  flasks  were  fiUtMl  without  it, 

AwjuM  24. — I  am  doubtful  whether  the.se  are  pureornot;  I  think 
tliey  are  not. 

Septemfier  21. — Changes  have  occurred  in  both, 

(c)  Au'jvM  10.— Seven  flasks  were  filled  undtr  the  spray  as  usaal. 

Atuf-iisi  24. — Three  of  those  milks  have  altered  ;  four  are  still 
apparently  pure. 

September  21. — Throe  still  remain  apparently  pure  :  four  have 
undergone  change. 

OctofMrr  27. — Examuied.     Thitje  still  pure. 

On  December  24  I  opened  one  of  these  flftflkf>,  and  found  a  slightly 
Huety  smell  but  a  perfectly  sweet  taste,  and  the  milk  presented  the 
appeiu^anco  of  normal  milk.  I  examined  it  microscopicjilly — no 
oi-ganisms.  I  have  staiuetl  some  npeciinena  of  this  milk  (Plate  V. 
Fig.  33),  and  it  will  bo  seen  that  no  organisms  whatever  ore  present, 
and  thi^  in  unboiled  milk  kept  for  more  than  five  months. 

Tht*  result  here  i«  that  three  out  of  seven  of  the  flasks  filled 
under  the  spray  have  reauiinwl  permanently  pure,  while  all  of 
those  filled  without  the  spray  have  ultimately  undergone 
fermentative  changes. 


TmilU   Exi'EltlUKNT. 

(fi)  Aufftut  16. — One  tln.sk  filU'd  without  spray  and  without  previous 
application  of  carl)olic  acid  to  the  himdu  or  teats. 

Atiffwit  24. — This  milk  has  cuuguhited. 

(6)  AutjiMt  IG. — One  tlask  filled  without  the  spray  and  without 
washing  the  teats  with  carbolic  acid.  The  hands  of  the  milkmaid, 
were,  however,  purified. 

Aft^iM  24. — This  milk  ha-^  undergone  fermentation,  having 
separated  into  two  laycro — ^tho  upper  clear,  the  lower  thick  but  not 
coagulated. 
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J  (c)  Aiigit^t  16, — Two  flasks  were  611ed  without  the  spmy,  hut  after 

!  washing  hotJi  the  t«at8  and  the  hands  with  car)x)]ic  lotion. 

,  Awjfust  24. —  One  of  theHo  iH  doubtful,  the  other  apparently  un- 

'  altered. 

f  September  21. — Fermentative  changes  are  occurring  in  lM>th. 

J  {(i)  Augu9t  16. — Six  flasks  filled  under  the  spray  as  usual, 

j  Aitfffist  24. — All  these  are  apparently  unchanged. 

I  September  21. — Four  have  undergone  some  fermentative  changes. 

One  is  doubtful.     One  is  still  pure.     Three  of  the  corks  have  not 
'  fitted  perfectly. 

October  27. — Examined.     One  still  pure. 

'  The  whole  result  is,  that  of  twenty-one  flasks  filled  under 

the  spray,  six  remained  permanently  imaltered,  and  that  after 
■  having  been  exposed  in  a  manner  which  sufficiently  explained 

the  occurrence  of  fermentation  in  some  of  the  others. 

Up  till  August  24th  no  less  than  fourteen  of  those  milks  had 

remained  apparently  unchanged,  while  similar  specimens  taken 
;  without  any  precautions  had  undergone  alt(*nition. 

J  I  have  still  in  my  jwsaession  (June  1881)  four  of  these 

six  flasks,  and  the  milk  in  these  still  remains  perfectly  pure 

and  free  from  fermentative  changes. 

From  all  the  facts  narrated  I  think  it  is  absolutely  certain 
;  that  milk  has  no  inherent  tendency  to  undergr>  fermentation 

of  any  kind,  and  that  the  cause  of  the  fermentation  is  not 

the  gases  of  the  air,  but  solid  particles  which  the  milk  meets 

with  after  it  is  drawn  from  the  cow. 

V, — E(/f/  A  Ihnm  eji. 

The  difficulty  experienced  by  Schrocder  in  preserving  boiled 
white  and  yolk  of  eggs  will  be  remembered. 

Van  der  Broeck  introduced  an  egg  into  the  m(*rcury  ar- 
ranged as  formerly'  described,  broke  the  shell  with  a  heated 
iron  rod,  stirred  up  the  contents  with  a  similar  rod,  and  then 
allowed  them  to  ascend  into  the  glass.  This  egg  albumen 
remained  pure,  even  after  subsequent  addition  of  oxygen  or 
of  filtered  air. 

Gayon '  found  that  some  eggs  may  be  preserved  unaltered, 
while  others  undergo  change.     He  sui»poses  that  in  the  latter 

'  Conijiteit  Rendu*,  \xz\l.  Izzvii. 
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case  the  causoa  of  jjiitrcfiiction  entorod  ;ls  the  fj(g  piissuil  through 
the  oviduct.     Such  an  idea  is,  however,  hardly  tenable. 

KoK'rts  has  sluiwn  by  oxpf'rinn^nts  siniilnr  to  those  pre- 
viously described  that  egg  albumen  luis  no  inhm-eTit  tendency 
to  undergo  fermentation. 

He  proceeded  in  the  fonowiug  manner  : — Kight  8terili>ied  tubes 
were  prejiared  containing  pnre  water.  *  A  fresh  egg  waa  tixeti  in  « 
convenient  snppoi-t,  nnd  h  Muall  piece  of  the  shell  wnn  ehippetl  off, 
care  being  Uiken  to  leave  the  subjacent  membrane  uninjureil  ;  then  a 
sterilifced  bulb  was  tnken,  and  the  capillary  poition  iininei'sed  for  a 
few  Kecunds  in  boiling  water,  in  order  to  ilestroy  any  adhoreiit  septic 
particles.  The  sealed  end  was  then  rapidly  anipped  off  nnd  tho 
capillary  |H>rtion  plun^etl  into  the  interior  of  tho  egg.  About  2  pm.  ot 
the  albumen  were  then  suoked  uj)  by  t>ie  mouth  into  the  biiUi.  When 
this  waa  aocompHsliuil  the  bulb  was  (piickly  withdrawTi  and  its  cnptl- 
laiy  end  sealetl  in  tho  dame.' 

Six  of  these  eight  tu1»es  remained  nnaltereil  for  seven  months. 

Of  a  second  series  of  seven  tnba'i  Himilatly  eharged  and  kept  for 
two  montks,  five  remained  unaUere^l.  Tlwvt  is,  of  fifteen  tiiltes  fillod, 
eleven  remained  pui*e. 

I  may  refer  to  an  experiment  which  I  did  f->r  un*)ther 
pnq)ose,  accepting  as  true  the  view  that,  ogg  albunu'U  bail  no 
inherent  t^endency  to  undergo  fermentation,  and  which  proves 
the  truth  nf  that  view. 

On  July  7th,  1880, 1  took  four  pui-ifie^l  beakers  and  four  fresh  eggs. 
These  t>g£^  were  wa>;hed  witb  cHifwilin  Intion  (1-20),  and  were  then 
broken,  one  into  each  lieaker,  undtT  the  Hpniy. 

One  of  these  beakers  waa  covej^tl  with  ib*  cotton  cap,  and  placed  in 
an  inculifttor  kept  at  the  toni[>eniture  of  US''  F. 

On  July  *20th  no  change  whatever  bad  caxiurred.  Tlie  other  flaaks 
WP4W  ummI  at  once  for  various  ex|>enmentR.  Into  one  a  KIx^cial  form 
of  organif;m  waA  introduced,  and  here  only  thtu  onu  form  of  organism 
developet^b  ^'ith  the  production  only  of  a  Hpecial  kind  of  fermentation. 

Hence  ^gg  albumen  has)  no  inherent  tendency  to  undergo 
fermentative  changes. 
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VI. — Vegetable  Tiamies, 

Dr.  Roberts  has  also  experimented  on  the  solid  tissues  o 
h  the  turnip,  j>otato,  orange,  and  tomato,  with  similar  success. 

jl  The  foUowing  is  his  method  for  turnip  : — 

4  '  A  sterilised  tube  containing  water  was  nicked  with  a  file  near  i\u 

I  base  of  the  capillary  part,  where  the  tube  had  a  diameter  of  about  twi 
millimetres.     A  fresh  oblong  turnip  was  then  fractured  across,  an< 

;^  the  tube,  snipped  off  at  the  nicked  point,  was  quickly  thrust  into  th< 

'j  substance  of  the  turnip.     A  narrow  cylinder  of  turnip  about  an  incl 

'•  long  was  thus  forced  into  the  column  of  water  in  the  tube.     The  tub 

^  was  then  detached,  and  its  end  sealed  with  melted  sealing-wax.'     O 

■f  14  tubes  thus  charged  with  turnip  10  were  successful; 

^  7  „  „  potatoes  4  „ 

■!  8  „  „  orange     8  „ 

3  „  „  tomato     3  „ 

;i 
/y  Ferments  which  induce  changes  after  death  are  therefort 

'I  not  present  in  living  vegetable  tissues. 

i  VII. — Animal  Tissues, 

i 

^  Some  years  ago  experiments  were  made  by  Billroth  *  anc 

7  TiegePwith  the  view  of  ascertaining  whether  the  living  tissue 

did  or  did  not  contain  the  causes  of  putrefaction.  Having 
killed  an  animal,  they  opened  its  body  rapidly,  and  removed  witl 
heated  implements  various  portions  of  tissue  such  as  liver 
spleen,  kidney,  &c.,  and  immediately  dropped  this  into  Iieatec 
paraffin.  They  supposed  that  by  this  means  any  dust  whict 
^  fell  on  the  tissue  in  its  transit  from  the  body  to  the  flask  woulc 

'■  be  destroyed  by  the  hot  paraffin,  while  this  heat  would  no' 

penetrate  into  and  act  on  the  interior  of  the  tissue.  At  th< 
same  time  the  organs  would  be  protected  from  air  or  dust  by  th< 
paraffin. 

They  found  that  many  portions  of  the  body  preserved  ii 
this  way,  notably  the  liver  and  spleen,  underwent  putrefjictioi 
rapidly,  and  they  therefore  concluded  that  the  causes  of  thi 
putrefaction  were  present  in  the  living  blood  and  tissues. 

'  Coccobacteria  septica,  *  Vircbow's  Arckir*  Ix. 
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These  experiments  were  rejieatod  by  Dr.  Riirdon-Saiidersonj 
who  obtiiine<l  similar  results  and  adopted  the  same  views. 

If,  hr>vrever,  we  look  at  the  m*'thtxf,  we  shall  fimi  several 
objections  to  it.  Thus,  heuU'd  paniftin  must  be  looked  on  as 
dry  heat ;  it  does  not  mointen  solid  particles  in  contact  with  it. 
Now  it.  has  been  shown  that  dust,  if  kept  dry,  may  be  heated 
even  to  300°  F.  wilhoTit  losing  its  jtower  of  causing  fermenta- 
tion. Further,  iKiraffin  solidities  at  about  ISG**  F.,  or  even 
lower,  and  therefore  paraffin,  merely  at  iU  melting  [Xiint,  is  not 
likely  to  lie  hot  enough  to  destroy  all  septic  part  ides.  Further, 
during  the  cooling  of  the  piu*iiffin  heavy  particles  of  dust  inay 
fall  into  it  and  nink  on  to  the  tinsue,  llien,  also,  on  the  sides 
and  bittom  of  the  veiisel  is  coarser  dust,  which  likewise  mjiy  not 
be  destroyed. 

But,  again,  jwiniffin  is  very  a]>t  to  crack,  and  after  cooling 
small  cmcks  may  occur  which  admit  moisture  :ind  dust.  To 
obviate  this  risk  the  jiaraffin  has  been  covered  with  oil ;  but  even 
here  the  oit  becomes  Liden  with  dust  and  passes  down  through 
t  he  enieks. 

And,  lastly,  the  knife,  before  dividing  the  tissue,  compresses 
the  vessels  and  forces  the  blood  out  of  them,  and  thus,  when 
these  vessels  are  cut,  air  is  sucked  in,  and  this  air  cju-ries  its 
dust  with  it  quite  out  of  reach  of  the  heat  of  the  juiraffin. 

In  DeceuibfT  1H77  I  commenced  a  series  of  experiments  on 
this  subject,  antl  these  have  been  continued  at  intervals  since 
that  time. 

The  first  exjKriment  was  an  imitation  of  those  of  ISillroth 
and  Tiegel  (only  it  was  performed  ant iKcplically),  and  yielded 
convicting  results.  Thus  the  liver  and  kidney  putrefied,  while 
the  si»leen,  muscle,  and  mesentery  remained  unaltered. 

This  being  the  case,  I  determined  to  abandon  this  method 
entirely,  and  to  see  if  some  definite  conclusion  nn'ght  not  be 
arrived  at  in  some  other  way.  The  following  is  a  description  of 
the  method  I  have  emjiloyed  :  — 

A  numljer  of  baUcers,  each  provided  with  a  cotton  cap,  were  puri- 
fied by  heat,  somewliat  after  Mr.  Lister's  method,  and  into  each  vessel 
nlx)iit  one-fourth  of  its  volume  of  pure  turnip  infusion  was  introduced 
from  ouoof  the  double-iiocke<l  Il!A8ks(Fig  *],p.  li*}.  Tliia  wiv^doue  under 
the  spray,  and  the  cotton  cai>s  were  then  reapplied.     Thens  beakers 
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were  pltuxMl  iu  au  incubator,  niid  kt*|it  nt  a  tenip&mture  of  OH**  F, 
three  or  fuur  duya.     At  tbe  eud  of  th»t  time  the  tutiiip  infiiaion 
cloiir  and  unaltered,  and  the  fliuiks  weru  therefoiv  oouiiiderud  rauly  for 
use. 

On  January  6th,  1878,  fo:u-  Usakt'i-Hhaviujr  been  t)i«.s  prepur*ud,  and 
BLX  beakei-B  contaiuing  mflted  p;U':diin  l;eing  also  ut  luiutl,  u  iiealtby 
rabbit  wa^  used  for  the  following  cAperiuient. 

The  Hkui  nnd  huir  uf  its  abdomen  hiivin^;  lieen  thufouj^hly  wii^hed 
with  X'lK)  cai'tMlic  lotion,  the  aniuiii]  was  kilkilby  u  l)low  on  the  lioek 
of  its  neck,  and  the  aUlouiinal  cavity  was  mpidly  opene<l,  under  a  fine 
spray  of  carbolic  acid,  with  puritiod  and  heated  instrumeiitA.     Portioiut 

of  itsor^'ani*  andiitwneKWorB 
rapidly  cut  out  and  intro- 
duced into  tlie  liotikorA, 
which  wtnv  opened  iu  the 
Bpmy. 

Into  the  four  veKHclH 
c!nntainin^' the  pui'«i  turnip 
infusion  jtortions  of  liver, 
spleen,  kidney,  and  uiu>icle 
resjiectively  were  inti-o- 
duoed,  and  the  rajiB  havin>( 
been  i^ijiplit'd  while  the 
tiaHks  were  .still  in  tlie^fpnvy, 
they  were  then  placed  in  au 
incubator  (see  Ki^.  M). 

Into  the  bix  UiiMkfi  eon- 

tuining  melted  pfuufliu  }>or- 

tion«     of     liver,     kidney, 

spleen,  muscle,  mesentery,  and  vena  cava,  witli  ittt  blotKl,  wore  dropped 

also  luider    the  Bpray.     The   jwiniflin   was  Icil  to  solidify,   and   the 

vessels  were  then  placed  in  the  incubator. 

All  those  portions  of  orgoua  iiitroduced  into  the  turnip  infusion 
i-omained  permanently  Jture  and  free  fivni  putrefaction.* 

(M"  the  |«n-atliii  lieakers,  two  (niux'le  and  vena  cava)  remained 
without  change;  wliile  the  oUier  four  (liver,  spleen,  kidney,  and 
mewnlory)  putrefied. 

lu  this  experiment  we  huve   iu   the   tirrf   case  a  aeries  of 

*  On  December  24,  19B0,  I  killed  u  rabbit  uod  preserved  He  ore&na  in  the 
way  described  here.  Ki^.  'M,  I'lutc  V..  ist  dniwu  from  n  specimen  laken  from 
the  beaker  containing  llio  splren,  and  KUiinrt].  It  will  be  »ecn  t}ia(  no  organ* 
isma  wbatevar  arc  present. 


Vui    \\. 
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beakers  heated  so  as  to  destroy  the  activity  of  the  dust  adhering 
to  them,  and  that  this  was  effectually  (lone  was  j^roved  by  the 
fact  that  the  turnij)  infusion  introduced  into  them  underwent 
no  change,  althoug-h,  as  has  beeu  amply  shown  iu  the  fore- 
going experiments,  had  ordinary  unlieated  dust  been  present, 
this  iufujsiou  would  have  undergone  feniieutution. 

Fui-ther,  the  ])ortious  of  the  tissue  lu-e  transferred  from  the 
boily  to  the  beaker  without  the  possibility  of  ju'cjuiring  b"ving 
dust,  for,  as  we  have  seen  before,  a  spray  of  earlxilic  lu-id  iu  an 
ordinary  atmosphere  is  able  t/O  destj-oy  the  fermenting  power  of 
theduiit.  Such  being  the  ea»e,  if  the  tissue,  taken  with  all  pre- 
cautious undergo  putrefaction,  it  is  possible  that  the  causes  of  this 
fermentation  were  ])resent  in  it  while  in  the  living  bfidy — the 
degree  of  pralKdiility  depending  of  course  in  great  measure  on 
the  known  skill  uf  tbu  experimenter,  liut  if  no  change  occurs, 
it  is  proof  positive  that  tlu^re  were  no  causes  of  change  present 
ID  the  budy.  In  other  wonls,  as  these  unboiled  tissues  remaine(i 
unaltered,  it  is  tjnite  certain  that  they  have  no  inheretii  tendency 
to  undergo  fermentation  even  when  freely  exposed  to  air. 

1  used  the  turnip  infusion  partly  because  1  wished  to  know 
whether  the  beakers  ha<i  been  thrn'onghly  jiuritied,  and  partly 
in  onler  to  keep  the  tissues  moist,  for  I  had  found  in  a  former 
experiment  that  they  dried  too  rapidly  in  the  open-mouthed 
vessel  if  no  fluid  were  jireseut.  Since  I  bat  time  I  have  used 
cucumber  lluid.  as  being  more  putresiible. 

Further,  by  the  use  of  these  infusions  the  conditions  favour- 
ing fennentation  are  givater,  for  we  have  here  a  boiled  liighly 
putrescible  infusion  of  turniis  and  an  unhoileil,  if  ]»ossible  still 
more  putrescible,  infusion  of  meat,  as  well  as  the  meat  itself.  It 
■were  hardly  jx>ssible  to  pnivide  more  favourable  conditions  for 
fermentation.     Nevertheless  no  change  occurred. 

I  may  here  point  out  the  light  throviTi  by  these  exi^erimeuts 
on  the  cause  of  the  want  of  success  in  the  parathn  experiments. 
In  the  first  attempt  which  I  made  witli  the  pai-aftin  any  of  (lie 
8upi>osed  causes  of  failure  might  have  l)een  in  operatii>n,  buli  in 
the  experiment  just  narrated  the  entrance  of  air  laden  with 
septic  dust  into  the  blood-vessels  is  excluded  becau^e  the  opera- 
tion was  done  in  a  spray  of  carbolic  acid.    Therefore  the  failure  in 
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the  four  vessels  must  have  been  due  to  dust  in  the  [mraffin,  or 
to  cracking  of  this  Jifter  solidilication. 

But,  it  may  bo  said,  the  absence  of  putrefarti<in  in  the 
beakers  waa  due  i*\  the  action  of  the  carbcflie  acid  on  the 
tissiie.  This,  however,  is  not  the  case,  for  the  following 
reasons : — 

In  a  preliminary  experiment  I  touche<l  the  outside  of  tht* 
fliu^k  (which  was  of  course  covered  with  imjmre  dust)  with  one 
of  the  portions  of  the  tissue,  and  afterwmxls  introduced  this 
piece  into  the  Haiik,  and  in  it  putrefaction  occurred  rapidly. 
Agiun,  the  fact  that  four  jviraflin  tiasks  went  wrong  (the  organs 
being  there  also  Hubjfcted  to  the  action  of  the  sjiray)  pIiowb 
that  this  had  no  influence.  Again,  when  the  gall-bladder  is 
wounded  fermentation  often  occurs.  This  latter  fact  is  illus- 
trated by  the  following  exjjeriment ; — 

A  medium-sized  rabbit  wiis  kille<l  by  a  blow  on  the  n»i)e  of  the 
neck.  Tbealxlomen  had  been  washed  beforcbiind  with  1-20  cai*l>olic 
auid  lotiont  and  was  now  rapidly  opened  xuider  the  spray.  Into  soveu 
bcaktii's  containing  pure  cucumber  infti^ion,  two  pieces  of  liver,  ouu 
piece  of  kidney,  one  piece  of  spleen,  ou«  of  nuiscle,  and  one  of 
mesentery  were  introducetb  In  cutting  out  the  liver  thegalbbhubler 
was  injui-ed. 

Four  weeks  later,  five  beakei-s  were  unaltered,  the  two  which  bad 
fermouted  being  tboso  containing  the  pieces  of  liver,  which  indeed  bad 
imdergone  fermentation  within  twenty-fowr  hours. 

I  have  since  mot  with  several  Rimihir  instances. 

Further,  if  putrid  matter  he  iiijectrsl  into  the  jugular  vein 
of  tlie  animal  a  few  niinutcs  before  death,  all  the  tissues  re- 
moved and  jircsorved  in  the  manner  dcf^cribed  undergo  putre- 
fection. 

I  have  repeated  these  experiments  many  times  with  like 
reyults/  and  I  therefore  conclude  that  the  (isnues  of  the  healthy 

■  On  two  Dccflitions  I  have  found  that  the  npporctitlj  healthy  living  tiwnefl, 
prwervctl  by  the  method  bcfuro  described,  underwent  fvnucntalipD  and 
or^anisiiu  develope*!  in  tbvm.  Jo  one  ca»t'  Ibe  kidiiny  ulonn  of  all  the  orpans 
token,  and  in  another  both  kidney  and  liver,  underwent  fermentation  wiih 
development,  of  organisms,  und  as  I  wus  very  careful  in  jterforuiirig  llie  exix?- 
rimL'UlR.  I  do  not  tliink  (hat  this  could  have  occurred  from  any<rror  In  experi- 
mentation, and  therefore  I  t^'nclude  that  (he  caufics  of  fermentalinn  (micro- 
oTganiams,  as  we  ahall  afterwards  see)  were  present  in  the  healthy  circulating 
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living  bod}',  like  the  fluids,  contain  no  ferment  capable  of  cniiaing 
putrefiictiun  after  death,  and  remain  piire  in  flasks  so  long  as  the 
dust  of  the  atmos]ihere  is  excluded.  (In  some  instances  the  heart 
with  its  L'outaiued  bl(K)d  was  also  removed,  and  remainedj  like 
the  other  tissues,  unaltered.  Rabbits  and  cats  were  the  animals 
use<l  for  the  exj)erirac»nt8,) 

Somewhat  similar  experiments  were  published  in  IS 78  by 
Chiene  and  Kwart,  and  they  yielded  Kimilar  results.^ 

Quite  recently,'  Rosenbach  mentioned  experiments  on  this 
subject  jK-rformed  by  Meissner,  Meissner  was  i)ble  to  jireserve 
the  internal  organs  of  cats  and  rabbits  in  contact  with  boiled 
water  and  pure  air,  for  two  to  three  years,  without  the  occur- 
rence of  any  putrefactive  ch.ange.  He  was  also  successful  in 
preserving  the  blood  of  mammalia,  human  urine,  and  goat's 
milk.  The  experiments  were  done  with  strict  aseptic  precau- 
tions, and  led  him  to  conclusions  similar  to  the  above. 


Such,  then,  are  the  chiif  facts  at  present  known  with  reganl 
to  boiled  and  imlx)iled  lluids  and  tissues,  We  shall  add  much 
to  them,  and  to  the  fiupiK>rt  which  they  give  to  the  views  here 
ex]»re68ed,  when  we  come  to  consider  more  minutely  what  is 
the  nature  of  the  piutieles  which  caut^e  putrefaction. 

On  reviewing  the  mass  of  evidence  before  us  we  have  it  dis- 
tinctly shown  that  boiled  fluids  and  tissuea  have  no  inherent 
tendency  to  undergo  fermentatJ vechanges ;  that  oxygen,  whether 
pure,  nascent,  or  mixed  with  nitrogen  in  the  proportions  present 
in  air,  cannot  cause  fermentation,  if  only  the  iiir  be  preWousIy 
IMissed  through  such  a  licpiid  as  sulphuric  acid,  be  heated 
strongly,  be  filtered  through  cotton  wool,  be  made  to  enter 
very  slowly  into  the  flask  containing  the  fluid  or  allowed  to 
depot^it  its  dust  by  gravitation,  or  be  previously  acted  on  by 
carbolic  acid. 


blood.  Thai  wi  orgnniBm  ciajr  be  prevent  iu  an  active  slate  in  tbe  droulating 
blood  need  not  he  a  mntter  of  6urpri£c»  and  nerd  not  therefore  lead  lU  to  tbe 
oonolnsion  that  tliey  are  alwayfl  or  even  g^-nemllT  thc-rc,  cspci.^ian^'  ns  on© 
ftln^lc  orjraiiittm  would  l-e  feuflicicnt  to  account  for  the  result  in  each  of  these 
instances.  It  iiiiMdeiHl  FurpriRiuf;  tltnt  ur^uniums  which  must  now  and  then 
enter  tbe  blood  arn  so  rapidly  and  surely  destrovRd. 

'  Jtmrrml  of  Anatomy  and  Pk^fioU>gy. 

»  DcuiicMf  leitsflAri/t  fiir  Chintrgie,  x;ii.  34^. 
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Thus  the  material  in  the  air  which  causes  putrefaction  is 
not  a  gas,  for  that  would  be  continuous,  and  would  not  be  re- 
movable by  filtration  or  by  rest ;  but  it  is  something  discon- 
tinuous, something  heavier  than  air,  something  particulate. 
These  particles  may  be  deprived  of  their  power  of  causing 
fermentation  by  the  action  of  chemical  substances,  such  as 
sulphmnc  and  carbolic  acids,  and  also  by  being  subjected  \o  a 
high  temperature.  As  they  are  completely  destroyed  by  heat 
(as  shown  by  Tyndall),  they  are  probably  of  an  organic 
nature. 

And  it  is  not  that  by  boiling  these  fluids  an  inherent 
tendency  to  ferment  has  been  destroyed,  for,  as  we  have  seen, 
they  possess  no  such  inherent  tendency.  For  not  only  do 
unboiled  fluids  and  tissues  outride  the  body  fail  to  putrefy 
when  protected  carefully  from  dust — they  also  undergo  no 
change,  as  indeed  necessarily  follows  from  the  foregoing,  when 
confined  in  natural  or  artificial  cavities  in  the  living  body. 
Who  is  not  acquainted  with  the  behaviour  of  blood  when  ex- 
travasated  into  the  tissues  or  cavities  of  the  living  body  so  long 
as  it  is  not  exjwsed  to  the  outer  world  ?  We  all  know  what 
a  large  amount  of  effused  blood  may  be  present  about  the 
ends  of  a  fractured  bone  without  decom|>osition  occurring  in  it, 
and  the  same  is  the  case  in  the  hemorrhages  into  joints  in 
hemophilia,  hemorrhages  within  the  skull,  Sec,  And  we  also 
know  what  frequently  happens  if  we  cut  into  any  of  these 
extravasations  and  admit  dust-laden  air  into  them.  The  blood 
which  we  found  odourless,  and  it  may  be  clotted,  may  become 
in  a  few  hours  a  foul- smelling  liquid  ;  it  has,  in  fact,  putrefied, 
just  as  it  may  do  when  kept  in  a  flask  without  exclusion  of  dust. 
And  just  as  in  the  case  of  blood,  so  with  other  fluids.  Hy- 
drocele and  serous  effusions  remain  unaltered  so  long  as  they 
are  kept  from  the  dust.  Examine  the  pus  from  a  chronic 
abscess,  and  even  though  that  abscess  be  connected  with  carious 
bone,  it  will  be  found  to  be  odourless  and  bland,  and  if  carefully 
received  into  pure  flasks,  will,  just  as  in  the  case  of  blood, 
remain  odourless  and  apparently  unchanged  for  an  indefinite 
length  of  time.  (I  shall  give  later  on  the  explanation  of  the 
cases  where  the  pus  of  acute  abscesses,  when  let  out,  is  found  to 
have  a  fo^^pieU,  as«is.so^etimes  the  case  in  acute  necrosis.) 
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And  not  only  is  this  the  pusc  with  fluids,  it  is  also  the  case 
with  tissucR  in  the  living  body.  In  a  fracture  many  portions 
of  the  tissnc  are  cut  otT  from  their  viLsculiir  supply,  or  killed  by 
the  violence  catising  the  injury,  and  yet  they  do  not  decompose  ; 
they  are  not  separated  as  sloughs — they  disa]>|iear  by  absorption. 
Yet  if  the  same  injury  be  not  subcutiinefius  and  the  injured 
|Kirt8  be  exposed  to  ordinary  air,  they  i»utr<:Fy,  and  conje  away  in 
a  few  days  as  sloughs. 

So  in  infarcts  in  internal  organs,  the  tissue  in  the  region  of 
the  infarct  dies,  but  does  not  putrefy — does  not  slough ;  while 
when  death  of  the  integuments  occurs,  putrefaction  and  slough- 
ii»g  follow,  for  here  the  dead  tissue  is  exposed  to  the  dust  of 
the  atmosphere. 

Similarly,  in  the  case  of  wounds,  when  a  piece  of  skin  is  cut 
away  and  an  open  sore  is  left,  the  blood  and  serum  which  col- 
lect in  that  sore  ferment,  in  all  probability  putrefy,  because  the 
air  admitted  to  thera  was  not  heated  air,  not  filtered  air,  was 
air  which  had  not  been  acted  on  by  suitable  chemical  sub- 
stances. 

The  causes  of  fermentation  are  therefore  solid  {)artieleR,  pro- 
bably of  an  organic  nature,  which  are  present  in  varying  quan- 
tities in  the  surrounding  air,  and  wliich  are  deposited  as  dust 
on  all  surrounding  objects. 

It  is  thus  evident  that  in  order  to  prevent  putrefaction  it  is 
only  necessary  to  prevent  the  access  of  these  jmrticles,  or,  if 
this  cannot  be  done,  to  destroy  their  fermenting  |)Ower  in  some 
way  or  other  before  they  reach  the  wounds — as,  for  instance,  by 
the  use  of  carbolic  acid. 

It  is  on  this  principle  that  Astatic  Surgri'y^'  as  introduced 
by  Mr.  Lister,  is  based. 


*  The  term  *  aseptic  *  is  the  best  to  Indicate  this  form  of  antiscptio  irargerj, 
hecan]H>.  aa  wc  sliall  »ec,  there  aro  many  different  form*  of  treatmenL  which 
come  under  the  ttrm  '  ttntiwipiic,'  while  t-hia  is  the  only  one  which  can  tnily 
bear  the  name  *as€plic.*  In  other  wonK  tliere  are  many  methods  by  which 
the  ftocurrvnoi'  of  putrefaction  is  more  or  loss  interferwl  with,  but  they  aU  act 
on  a  more  or  lefts  imperfect  principle,  with  the  exception  of  that  introduced 
Ijy  Mr.  Lister,  which,  founded  on  a  true  principle,  attains  the  ideal  of  rcFuIrs 
—vis.  a  complete  abnenrc  of  putnfaetion^an  asepsiB.  His  methcd,  then,  is 
b«st  deaignatcd  by  lh«i  term  expressing  its  result — Aseptic 
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CHAPTER   III. 

ASEPTIC  SURGERY — MATERIALS   EMPLOYED. 

I^blcms  to  be  solved  in  order  to  keep  a  wound  aseptic :  Carbolic  acid — 
C'arboUc  Itftums  -Pure  earhoHv-  add — Solutiim  in  methylatfd  »jririt~carboluf 
ail — CarhoHc  acid  and  ghjorrine  :  Spray  producon*:  Catgut — Carholitrd 
eatgut—Mr.  lAster't  carftoliscd  chromh'  eat/jut  />/*.  MadCwen*  ckromie 
catgift  —Catgut  trough  and  pwhet  COM".  Carbolised  silk :  Protective:  Carbolic 
gauze — Compoaititm— Method  of  preparation — Von  JSmna*  ganzei  Mac* 
intosh:  Bponges :  Bomcic  acIA- lioradr  h4ion— Ht^racic  lini—Boracic 
ointment  X  Salicylic  acid —-Sa/iry/tc  aeid  cream  SalicyUe  ointment:  Chlo- 
ride of  zinc:  Iodoform  :  Carboliscd  cotton  wool. 

Aseptic  surgery  is  based  on  the  principle  first  enunciated  by 
Mr.  Lister,  and  indicated  in  the  i)recwiing  pages;  viz.  the 
eccclttsi'On  of  active  ferments  from  the  discharges  of  wounds. 

Theoretically,  this  is  the  ideal  form  of  antiseptic  8iu*gery,for 
here,  supjwsing  that  the  attempt  is  successful,  the  causes  of 
putrefaction  do  not  enter  the  wound  in  a  state  capable  of  pro- 
ducing fermentation,  and  therefore  decom|>osition  of  the  dis- 
charges, or  of  dead  portions  of  tissue,  &c.,  cannot  jiossibly 
occur. 

The  probUuu  which  Mr.  Lister  sought  to  solve  may  l)e 
shortly  stated  as  follows: — 

On  all  objects  in  the  external  world  sejitic  dust  isj^resent — 
on  the  skin  of  the  jKitieut,  on  the  liands  of  the  surgeon  and 
his  assistants,  on  all  instnnnents,  in  water,  in  the  air,  &c. ; 
and  when  a  wound  is  made  any  introduction  of  this  dust 
must  be  carefully  avoided.  Then  after  tlie  wound  has  been 
made,  care  must  be  taken  to  prevent  its  entrance  during  the 
after-treatment.  Some  sort  of  dressing  must  be  provided 
which  shall  prevent  its  passage  in  an  active  state,  and  at 
each  cliange  of  this  dressing  the  problem  is  the  same  as  at 
the  time  of  infliction  of  the  wound.     Such  being  the  question 
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at  issue,  I  must  now  proceed  to  the  modes  in  which  it  has  been 

answered. 


^ 


I  shall  first  enumerate  the  substances  employed  in  aseptic 
surgery. 

Carbolic  Acid  is  the  antiseptic  employed  to  destroy  the 
jiarticles  in  the  air  and  on  surrounding  objects  which  give  rise 
to  putrefaction.  It  is  obtained  in  the  solid  state  and  of  ex- 
treme purity  from  Bt>wdler  and  Bickerdike,  Church,  I^ncashire, 
who  give  it  the  name  of  Absolute  Phenol.  It  is  used  in  various 
forms. 

The  Cfirboli<:  Lotions  used  are  of  lw(»  strengths — 1  in  20 
and  1  in  40;  one  part  of  crystallised  ciu-bolic  acid  dissolved  in 
20  or  40  parts  of  water  respectively.  The  solution  is  kept  in 
a  stopjtered  brittle  in  order  to  avoid  evaporation  of  the  acid.  It 
ought  to  be  quite  clear  ;  when  it  is  not  so,  and  more  especially 
when  gl*>bule8  of  oily  matter  are  present,  it  is  impure,  the 
oily  particles  consisting  nf  eresyiic  acid.  It  is  a  nnstakc  to  add 
alcohol  or  glycerine  to  aid  the  solubility  of  the  acid,  because 
these  substances  hold  the  acid  more  tenaciously  than  water,  and 
it  is  thus  not  so  j>otent  for  producing  an  instantaneous  etfect. 

Und'dxiicd  Liquid  Carbolic  Acid  may  in  some  cases  lie 
required.  This  is  obtained  by  liquefying  the  crystuls  by  the 
addition  nf  a  few  drops  of  water.  This  is  chiefly  used  for 
injecting  na^vi,  varicose  veins,  &c, 

A  solution  of  carlM>Iic  acid  in  methylated  etpiril  or  in  recti- 
fie<l  spirit,  in  the  pnHR>rtion  of  1-5,  is  used  for  the  jmrjiose  of 
purifying  wounds  intlicted  some  twenty-four  or  thirty-six  hoiurs 
l)efore  coming  under  treatment. 

Ciirbolic  Oil  is  eni|>loyed  in  various  proportions,  generally 
1  in  5,  1  in  10,  and  1  in  20,  consisting  of  caibolic  acid  mixed 
with  olive  oil  in  the  foregoing  proportions. 

Carbolic  oil  1-5  is  but  rarely  used,  though  it  is  occasionally 
applied  as  a  dressing  to  foul  wounds,  for  the  purpose  of  piirif}'- 
ing  them.  It  is  chiefly  knoviij  as  the  solution  in  which  catgut 
is  jiermanently  preserved. 

Carbolic  oil  1-10  is  used  as  a  dressing  for  wounds  in  the 
neighbourhood  of  the  anus,  jK'nis,  Ac, 

Carbolic  oil  1-20  is  used  for  oiling  catheters  or  other  in- 
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struments  before  introduoing  them  into  the  biiidder.     Carbolic 
acid  of  this  strength  doen  xiot  neem  to  be  too  irritating  for  the 


KiG.  15.— Hakd  sprat  PBODL'CEB. 

mucous  mcmhranc  of  the  urethra,  while  it  apparently  secures] 
a^fuinst  the  iutnxluctiijn  into  the  Madder  of  mutters  which  are 
capable  of  caiiaing  putrefaction. 

There  are  voriouH  objections 
'"'*  to  these  oily  dressings.  The  chief  1 
are,  that  the  carbolic  acid  is  very' 
rapidly  washed  out  by  the  dis- 
ehiirge,  and  that  they  are  very 
dirty,  and  swin  sipoil  india-rubber 
tissues* 

The  latter  disadvantage  is  got 
rid  of  by  the  use  of  carbolic  add 
and  glycerine,  in  the  proportions 
"    of  1-5   and   1-10.     This  is  now 
employed  as  a  dressing  in  tlie  cir- 
cumstaucos  in  which  the  oil  hiw  been  generally  used. 

A  ttpray  of  carbolic  acid  is  generally  em]>loyed  in  order  to 
l^urify  the  atmosphere.     This  is  obtained  by  driWng  a  rapid 


Pig.  16.— Thk  oniiiN 
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current  of  air  or  steam  through  a  horizontal  tube  so  as  to  jjaaa 
over  the  orifice  of  a  more  or  less  vertical  one.  In  this  way  a 
vacuum  is  ]>roduced  in  the  vertical  tube,  and  the  fluid  at  its 
lower  end  rises,  and  is  expelk-d  from  the  orifice  in  the  form  of 
Bpray.      We   have   two  forms  of  apniy:  one  in  which  air  is 
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Pig.  17. — Steam  sprat  pkoditceii,  showing  the  lami*  at  tbiesbiit 

1>    USB. 

It  cotksUta  of  ft  tfu&l]  Aamc,  w\\M\  plajv  on  •  plate  of  motal  nttacbnl  ui  a  boUow  oeutrml  tab* 
ooutftUilUtf  ft  wtck.  ami  pt-rloratHJ  )jy  liolcft  ut  the  lop.  Tltc  lu-nt  U  t-Mininiiitilaitxil  tu  tin  wick 
— tJw  splm  TiJatlilH**,  Mini  buriM  ■•  U  «-Kcaii«i  (rnni  thf  Lup  iif  the  tiilw.  1'lir  liulc  iii  the  pIftU) 
ftllowi  tUc  flaiue  i>f  Uic  auiuU  wick  tA  [«ih  ujiaoiJ  livbt  the  spirit  f-ikpour, which  pftaAM  unttbronKli 
thr  Dole*  «t  the  top  of  ilie  cMitrnI  tnt«.  The  cftp.  which  if  pliuy^  otct  ttiv  luny  wbca  not  In  on, 
Mill  tlM.>  boiler  ftiul  Tnacl  fur  Uiu  orbuUc  acid,  nrv  ioJk-ntfd  )ty  i]otti,-d  Uneft. 


driven  over  the  vertical  tube — hand  or  foot  sprays ;  and  the 
other  in  which  steam  is  employed — steam  sprays.  The  hand 
or  foot  sprays  produce  a  somewhat  coarse  s])niy,  and  the  force 
required  is  such  as  soon  to  exhaust  the  individual  employed. 
They  iire  therefore  very  uncertain  implements,  and  have  now 
entirely  given  place  to  the  steam  spmy^,  where  there  is  a  steady 
current  as  long  as  the  water  in  the  boiler  lasts.  When  the 
hand  Bj)ray8  are  employed  1-40  solution  is  placed  in  the  bottle. 
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In  the  steam  spray  the  1-20  solution  is  used  because  the  steam, 
mixing  with  the  solution,  rtHluce8  its  strength  to  1-30  or  1-35. 
I  need  not  deAcribe  here  the  steam  spfay  ap|»;initai^,  more 
especially  as  it  can  be  easily  obtiiined,  of  Mr.  Lister's  jjuttem, 
from  David  Marr,  27  Little  (^ueen  Street,  Holborn.  These 
sprays  consist  of  the  following  i>;irfs: — A  boik^r  which  containg 
water,  and  which  is  heated  by  a  Hpirit  lamp  placed  beneath  it. 
The  steam  issues  through  a  tube  placed  at  an  luigle  to  another 
more  upright  one,  through  which  the  carbilic  acid  lotion  1-20, 

which  is  pljict^il  in  the  glass 
retort,  is  sucke<i  up.  This 
1-20  lotion,  mixing  with  the 
Hteam, makes  as4>Iutionof  1-30 
to  1-35.  The  carbolic  acid 
solution  passes  t  hrough  a 
sponge  at  the  bottom  of  the 
uprii;ht  lul»e,  which  filters  it, 
;uid  thus  prevents  the  minute 
mficp  of  the  tube  from  be- 
'tning  choked  up  by  coarse 
jKirticles.  These  spray?*  lu-e  of 
various  hizea,  and  the  largest 
ones  have  two  nozzles,  which 
may  be  used  singly,  or  to- 
gether where  the  field  of  operation  is  large  iv^i'  in  ovariotomy. 

llie  catijtit  used  for  tying  the  vessels  is  |>rc|>aretl  in  the 
followintf  mannfr: — fh'dinary  catgut  as  obtainctl  from  the 
shops,  when  intnidufcU  into  bloi->d-serum,  soon  swells  up  and 
becomes  weak.  At  the  same  time  it  is  very  Blipj>ery,  and  a 
knot  \vill  not  hold;  and  when  placed  in  the  tissues  it  very 
rapidly  becomes  absorbed.  With  the  view  of  obviating  these 
defects  it  is  prepared  by  placing  it  in  a  solution  of  carbolic  acid 
in  oil  (1-5)  with  a  very  sjtiall  quantity  of  water  (10  per  cent.) 
ditrustnl  through  the  i>il.  As  thu  water  ultimately  falls  to  the 
bottom,  ii  few  peblWes  are  pliiccd  (»n  the  bottom  of  the  vessel,  on 
which  the  catgut  rests.  It  d<H?s  not  then  come  in  contact  with 
the  water.  As  a  result  of  keeping  it  in  this  solution,  the 
catgut  lirst  becomes  supple  and  sofl,  but  afterwards  Larder  ami 
firmer,  and  is  thru  uMe  to  resist  the  acliou  of  llu*  fluids  and 
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tissues  for  a  considerable  time.  It  is  kept  iii  this  fluid  for  six 
or  eight  months,  and  is  then  transferred  to  the  ordinary  \~6 
oily  solution.  The  longer  it  is  kept  in  this  solution  the  better 
it  becomes.  The  rationale  of  this  method  will  be  found  in 
Mr.  IJster's  paj»er  in  the  '  I^Ancet '  of  Feb.  5, 1 881. 

Quite  recently  '  Mr,  Lister  has  published  a  new  method  of  pre- 
paring eatgut,  by  means  of  whieh  a  stronger  article  is  obtained, 
and  one  not  absorbed  nearly  so  soon  as  the  old  kind.  It  also 
|M>ssesses  an  advantage  over  the  old  kind,  in  that  it  disappears 
by  erosion  of  the  surface,  and  does  not  become  infiltrated  with 
cells,  as  is  the  case  with  the  ordinary  forms.  It  thus  remains 
as  a  firm  constricting  band,  till  it  is  completely  replaced  by  new 
tissue.  I  cannot  do  better  tlian  quote  Mr.  Lister's  description 
of  the  method  by  which  this  gut  is  prefiared  ;  *  I  dissolve  one 
j»art  of  chromic  acid  in  4,0fK)  parts  of  distilled  water,  and  add 
to  the  solution  200  jKirts  of  pure  carb<:ilic  acid,  or  abt^jlute 
phenol.  In  other  words,  I  use  n  1-20  wat-ery  solution  of 
carbolic  acid — only  that  the  carbolic  acid  is  dissolved,  not  in 
pure  water,  but  in  an  exceetlingly  dilut-e  solution  of  chromic 
acid*  But,  minute  as  is  the  qitantity  of  the  chromic  sieid,  it 
exerts,  when  in  conjunction  with  carbolic  acid,  a  most  j>ower- 
fnl  eflect  U[>ou  the  gut.  The  first  effect  of  the  addition  of 
the  carbolic  acid  to  the  chromic  solution  is  to  change  its  |>ale 
yellow  to  a  rich  golden  tint.  But  if  the  liquid  is  allowed  to 
stand  without  the  introduction  of  the  catgut,  it  cluinges  in  the 
course  of  a  few  hours  to  a  dingy  reddish -brown,  in  consequence 
of  some  mutual  reaction  of  the  two  acids;  and  a  considemble 
amount  of  reddish  grey  j^rwipitate  is  formed.  If,  however, 
catgut  about  equiil  in  weight  to  the  carbolic  acid  is  added  as 
soon  as  th**  ingredii^uts  are  mixed,  tlie  liquiil  reUiius  its  bright- 
ness, and  the  only  change  observed  is  the  gradual  diminution  of 
the  depth  of  the  yellow  colour ;  the  precipitate,  whieh  I  pre- 
sume still  <K!curH,  taking  place  into  the  substance  of  the  catguts 
As  soon,  therefore,  as  the  pre[>aring  liquid  has  been  made,  cat- 
gut rqual  in  weight  to  the  phenol  is  intn>duced  into  it.  If 
you  have  too  large  a  proportion  of  catgut,  it  will  not  be  suffi- 
ciently prepared;  if  you  have  too  small  a  quantity,  it  may  run 
the  risk  of  being   over-pre|)ared.     At  the  end  of  forty-eight 

>  Latiwi,  Keb.fi,  1881. 
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hours  the  chromic  element  of  the  Liquid  has  nearly  sjit^nt  itself, 
and  precipitaliou  is  complete.  The  cat ^it  is  then  taken  out 
of  the  iRplutiou  und  dried,  and  when  (h*y  iilaced  in  1-5  carbolic 
oil:  it  id  then  fit  for  use.  ,  .  .  The  preparing  lic[uid  canaes 
a  certa.in  amount  of  HofU'iiing  of  the  eat^tj  and  if  it  is  intro- 
duced in  Iwjse  hanks,  thiH  will  tend  to  pn>duee  a  little  uni-oil- 
ing  of  the  twisted  conl,  and  a  still  gTeMt<*r  degree  of  uncoiling 
will  take  place  during  drying.  It  is  of  very  great  iin|K>rlance 
that  this  should  not  occur,  lx*cause  it  involves  weakening  of 
the  thread,  and  that  in  different  degrees  in  difterent  parts ;  and 
this  may  Iciui  to  the  gut  giving  way  when  you  subject  it  t-o 
a  stnuu.  The  catgut  then  should  be  prejarcd  on  the  stretch, 
both  when  it  is  put  U*  s^uik  and  when  it  is  put  to  dry. 

*  I  need  not  enter  into  the  mode  in  which  this  can  he  done 
by  the  nianufiM?1urer.  I  may  only  say  this,  that  the  surgeon 
who  wisheid  to  prejiare  it  himself  may  do  it  in  different  ways. 
For  inst,ince,  he  may  t<ake  two  laige  test-tulx's,  one  a  little 
larger  than  the  other,  and  he  may  wind  the  ciitgut  on  the 
smaller  tube,  fixing  one  end  by  sealing-wax,  winding  it  round, 
and  then  bringing  it  up  agjiiu,  and  fixing  the  other  end  with 
sealing-wax  at  a  higher  level  than  the  liquid  will  reach,  putting 
euflicieut  liquid  into  the  larger  test-tube,  and  intrmlucing  the 
smaller  test-tube  with  the  catgut  wound  round  it,  with  a  little 
shot  to  keep  it  dowu  in  the  liquid.  After  fnrty-eight  hoiu^,  he 
tikes  out  the  smaller  test-tube,  and  leaves  it  till  the  catgut  is 
completely  dry.  1  merely  meution  this  as  an  illuslratiou,  and 
also  as  furnishing  a  hint  to  some  surgeons  in  private  practice 
wIhj  may  desire  ti> prepare  the  catgut  themselves;  or  a  coiqile  of 
gallipots,  out'  larger  than  the  other,  will  do  just  as  well.  Hut, 
as  1  liave  said,  the  principnl  uncoiling  tAkcs  place  during  drying  ; 
and  for  all  ordinary  purjioses  a  safticioutly  pxw!  article  is  got  by 
putting  the  catgut  I(M>se  into  the  liquid,  and  making  it  dry  on 
the  8tret<^h  by  tying  the  ends  of  each  hank  to  two  tixed  jioints 
in  a  room.'  Krosinn  of  this  catgut  does  not  begin  till  about  a 
fori  night  after  its  introduction  into  the  tissues. 

Dr.  MacEwen  has  lately  brought  forward  a  somewhat 
different  mLtliud  of  prejiaring  catgut.'  'These  lisjuturcs  are 
ljrei»aied  by  making,  first,  a  watery  solution  of  chromic  acid,  one 

'  Brituh  Mfdical  Jaumttlf  Jan.  'Hi,  18«l. 
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to  fi\'e;  then  nn«'  ]«irt  of  tliir*  solution  in  added  to  twenty  of 
glycerine.  This  forma  a  dark  greenish  <?oiiipoimd,in  which  the 
hanks  of  catgut  are  inserted  and  retjuned  for  seven  or  eight 
months,  the  liottle  containing  them  being  occiisionally  shiiken. 
At  the  end  of  this  time  the  catgut  acquires  a  semi-translucency, 
and  has  a  dark  colour  like  preserved  ginger.     It  is  then  ready 


Fig.  li).— TaoL'tii  wm  CAT«rT, 

for  use,  and  is  stored  in  u  Koluttou  of  carbolic  acid  and  glycerine 
(one  to  ten)/  Ligatures  so  i»re[>iired  begin  to  soften  on  an 
average  alHuit  the  fourteenth  (Jay,  and  are  more  or  less  com- 
pletely absorbed  the  twentieth  day. 

A  very  convenient  luetliod  of  keeping  catgut  for  use  in 
hospital  is  to  wind  it  round  reels:,  say  three,  each  holding  a 
different  thicknes;!  of  gut,   which   are   susjxinded  in    a  vessiel 


Km.  20.— Lister's  pocket  catgut  holder. 

A,  Htikler  con]|itet«.    B,  TUe  nxtl  ou  which  the  tntt^t  is  woiuid. 

containing  carbolic  oil  1-5  (sec  Fig.  19).  The  lid  of  the  box 
is  perforated  with  holes  through  which  the  ends  of  the  catgut 
pass.  In  this  way  the  gut  may  be  taken  directly  from  the 
oily  solution  without  any  trouble. 

In  order  to  have  a  nujiply  of  gut  always  at  hand,  Mr.  Lister 
has  devised  the  cat  gut  holder  shown  in  the  accam[)anyiug  tigure 
(Fig.  20).  The  gut  ia  wound  on  a  reel  which  is  can*ied  in  a 
German  silver  case.     There  is  no  necessity  to  till  this  case  with 
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carbolic  oil,  as  is  done  by  some  Burgeons.  Sometimes  the  case 
is  combined  with  a  caustic  holder  at  the  other  end. 

Carlxjllned  Silk  is  often  U9e<l  for  suturw*,  imd  is  prepared 
as  follows : — Nine  {xirts  of  l>eeswax  and  one  jxirt  of  carbolic  acid 
are  melted  together.  Silk  thread  of  various  sizes  is  steeped 
for  some  minutes  in  this  mixture,  till  it  is  thoroughly  impreg- 
nated witli  it.  As  the  thread  is  t^'iken  out,  it  is  drawn  through 
a  cloth  in  order  to  remove  the  suj^erfluouji  wax.  The  wax  holds 
the  carUdic  acid,  makes  the  thread  more  uneful,  and  fills  up  to 
some  extent  its  interstices,  thus  preventihg  it  from  becoming 
soaked  with  fluids.  The  carlwlised  silk  thus  prejMirwl  is  kept 
permanently  in  stoj>j>ered  l>ottle3,  or  wrapp*^!  in  carl»lic  gauze. 
It  must  not  be  steeix-d  for  any  length  of  time  in  the  lotion 
before  being  used,  because  the  thremis  become  opened  out.  If 
the  thre:ul  be  pn)perly  ki'pt,  \hv.  interior  is  aseptic  or  even  anti- 
septic, and  jjassing  the  thread  through  the  fingers  moistened 
with  cjirbolie  lotion,  or  a  momentary  immersion  in  1-20  car- 
bolic solution,  is  sufficient  to  destroy  any  septic  dust  adhering 
to  its  exterior. 

In  order  to  protect  healing  woundf^  from  the  irritation  of 
carbolic  acid  a  special  uuiterial  it^  employed  termed  the  Pro^ec- 
tive.  This  consists  of  oiled  silk  c<.»ated  with  c*.tiKil  varnish. 
When  this  is  dry  a  mixture  of  one  jKirt  of  dextrine,  two  i>arts  of 
powdered  stareh,  and  sixteen  |iart8  t>f  cold  watery  solution  of 
carbolic  acid  (1-20)  in  brushed  over  the  surface.  The  raticmale 
of  this  method  of  ]»re|K\ratiou  is  the  following  : — Oiled  yilk  alone 
is  better  for  the  purjHise  of  a  protective  than  gutta-percha 
tissue,  because  au-lwlie  acid  does  not  so  re^-idily  |>ass  throiu»;h  it. 
It  does,  however,  do  so,  and  therufore  eojwl  varnish,  which  is 
almost  absolutely  impermeable  U)  eiirlHilie  acid,  is  a(Kled.  As, 
however,  the  fluid  collects  on  tViis  as  on  a  duck's  back,  leaving 
intervals  between  each  drop  on  which  dust  ini\y  fall  and  escape 
the  action  of  the  aeid,  the  dextrine  solution  is  addwl,  and  the 
result  is,  that  when  moiHtencd  tlie  whole  surfiure  tif  the  protec- 
tive remains  uniri)niily  wet.  Tl»e  use  of  the  carbolic  acid  in 
the  dextrine  solution  is  not  to  add  any  earlxilie  acid  to  the  pro- 
tective, but  because  it  ia  better  than  water  for  enabling  the 
dextrine  to  adhere  to  the  varnished  oiled  silk.  For  the  same 
reason  the   powdered  starch   is  added.     The    original    carbolic 
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acid  flies  off  very  quickly  from  the  protective,  leaving  a  maU*rial 
containing  no  antiseptic  in  its  substance. 

Carbolic  Gtiuzp  is  tlui  material  generally  enjployed  us  a 
dressing  to  guard  iigainst  the  entnince  of  causes  of  fermentation 
into  a  wound  after  an  operation.  The  gau7.e  usf*ri  is  ordinary 
fine  unbleached  tarlatan  washed  and  dried.  There  arc  various 
methods  of  impregnating  this  gauze  with  carKilic  acid.  I  will 
give  ]Mr.  Lister's  description  of  a  simple  method,  which  can  be 
used  in  any  hospital,  and  whirh  was  recently  employed  during  the 
Russo-Turkish  war  for  making  fresh  gauze  in  camps,'  The 
mixture  employtnl  for  charging  the  gatize  was  originally  tme  part 
of  carbolic  acid,  five  parts  of  resin,  and  seven  [Kirts  of  pmiflin. 
lately  the  formula  has  been  changed  to  one  part  of  crystallised 
carbolic  acid,  four  parts  of  coinimni  resin,  and  four  parts  of 
paraffin.  These  materials,  mixed  together,  are  added  to  an  equal 
weight  of  unprepared  gauze,  'In  order  to  charge  the  gauze, 
the  iianiftin  and  resin  are  first  melted  together  in  a  wator 
bath,  after  which  the  acid  is  added,  and  bleudtni  by  stirring, 
I'he  object  now  is  to  diffuse  this  melted  mixture  equally 
through  the  cotton  cloth,  and  for  this  puq>ose  two  things  are 
requisite,  viz,  that  the  cotton  be  at  a  higher  tem|>erature  than 
the  melting  point  of  the  mixtiu*e,  and  that  it  be  subjected  to 
moderate  ])ressure  after  receiving  it.  The  cotton  clotli,  a  yard 
wide,  is  cut  into  six-yard  lengths,  nnd  these  having  been  folded 
8o  as  to  be  half  a  yard  square,  are  jilaced  in  a  dry  hot  chamber, 
formed  of  two  tin  Iwxes  placed  one  within  the  other,  with  an 
interval  to  receive  water,  which  is  kept  boiling  by  fire  or  gas 
beneath,  the  upper  edges  of  the  Lxixes  being  connected  and 
provided  with  an  exit  \npe  for  the  steiim.  There  is  also  a 
glass  tube  arranged  as  a  gauge  of  the  amc^unt  of  the  water, 
and  the  chamber  has  a  properly  fitting  lid  The  bottom  of 
the  chamber  is  strengthened  with  an  iron  plate,  Ut  enable  it 
to  bear  the  weight  used  for  comi)ressing  the  gauze  when 
charged.  There  is  a  piece  of  wood  about  two  inches  thick 
nearly  fitting  the  chamber,  covered  with  sheet  lead,  so  as  to 
make  it  about  as  heavy  as  a  man  can  lift  by  means  of  two 
han<lles  in  the  up])er  surface.  The  weight  is  heated  along 
with  the  cotton,  and  is  put  first  into  the  chamber  so  as  to  leave 
'  See  /w»Fwrf,  March  13, 1875. 
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the  cotton  loose  for  the  penetration  of  the  hejtt,  which  occupies 
two  or  threw  hours.  The  cotton  when  healed  is  taken  out  of 
the  chamber  along  with  the  weight,  ami  placed  in  a  woo<leD  box 
to  protect  it  from  tlie  cold.  (It  would  be  bettor  to  have  u 
second  hot  chamber  for  this  purjwse,  since  in  cold  weather  the 
cotton  is  apt  to  be  too  much  cm>led  in  spite  of  the  protection  of 
the  wocxlen  lx»x.)  The  heated  gauze  is  then  at  once  charged 
with  the  niched  mixture  (»f  carbolic  acid,  resin,  and  jwiraffin,  in 
quantity  equal  U^  the  weight  of  the  cotton  fabric  (or  slightly 
less),  and  in  onler  to  diffuse  the  liquid  as  w|Uftily  as  jx^ssible,  it 
is  sprinkled  over  the  gauze  by  means  of  a  syringe,  with  a 
number  of  minute  perfonitions  in  its  extremity,  the  body  of  the 
syringe  and  the  piston-rfnl  having  each  a  wotMlen  handle  to  pro- 
tect, the  hands  of  the  workman  from  the  heat.  The  syringe  is 
construi'ted  ti>  h^ild  half  the  qimntity  of  the  mixture  required 
for  charging  oni'  yu-vv  of  doth.  One  folded  pittv  being  placefl 
at  the  Ixjttom  of  the  hot  chamber,  its  upper  half  is  raise<l  and 
turned  aside,  \\\\\\  one  syringeful  is  sprinkled  m-erthe  lower  half. 
The  upjier  half  is  i\\f\\  put  back  int<»  [>osition,  and  another 
syringi  ful  thrown  on.  The  same  pnx^eas  is  repeatctl  with  all 
the  other  pieces  of  gnu/e,  after  which  the  weight  is  put  into  the 
cliaiiibiT  to  compress  the  charged  cotton,  and  the  lid  applied. 
An  hour  or  two  are  then  allowed  to  ela|>8e,  to  permit  the  com- 
plete diflfuHion  of  the  liquid,  when  the  material  is  tit  for  use. 
The  apparatus  alxive  described  uau  be  made  by  a  common  tin- 
man for  about  10//  Fig.  21  shows  the  appanitus  employed  in 
the  Glasgow  hitirmary.' 

As  the  muslin  is  the  dearest  item  in  the  gjuize  Mr.  Lister 
has  HUggestal  that  the  dressings  should  be  washed  and  the 
gauze  recharged.  The  larger  dressings  are  therefore  kept  and 
sent  back  iothe  inauufaelurer,  who  washes  and  recharges  them. 
This  recharged  gauze  can  then  l>e  used  as  loose  gauze  in  future 
dressings. 

In  this  gauze  the  carbolic  acid  is  the  only  active  agent ;  the 
resin  is  used  to  hold  the  acid — i.e.  to  prevent  it  from  being 
washed  out  too  s(wn  by  the  discharge — while  the  paraffin  is 
employed   to  lessen  the  adhesiveness  of  the  resin.     The  giiuze 

'  See  'Practical  Papors  on  I  he  Materiuls  of  the  AntiBeptio   Method  of 
Treatment.'     Ity  Oeorg©  B«itson.     Ohisgirrr  Mv^ieal  JtmrnaU  March  1980. 
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ought  \a>  be  kept  in  ;i  tin  box,  closing  tiglitly  to  prevent 
eva]iomtion  of  the  carbolic  acid.  It  is  used  either  in  the  fornn 
of  loose  gauze  or  foMed  drt'ssinji;s  anrl  baadajtyes. 

A  great  many  dilforent  ways  of  preparing  gauze  have  been 
published,  but  none  are  bo  gornl  us  that  juBt  described. 

Von  Bruns  has  lately  recommended  a  gjiuze  containing 
ca$tor-oiI  instead  of  i>araftin. 

Ilis  formula  is — 

Cai'bolio  aciti  I  pjvrt 

Reain 1  parte 

Casior-oil  ......  ft      „ 

Spirit 20    „ 


Fio. 


!1.— Machine  ubed  in  the  olai(oow  royal  rNPiKMARv  roK 

MANUPACTt'RINO   HAUZK. 


A  Is  tbo  rrcnptnrlc  for  tb«  antitrptlc  mlxturr  of  cartK>lk  nclit.  rMfn.  and  piunffln  ;  II  Ia  tlir  tin 
cue  III  wMch  tb«  tniu41n  U  )tr*fltol.  imprf^nte'l  with  tll^  inUlure,  rUHl  inbliUtt«U  to  pn^•tura. 
O  fi  ■  pipp  wlilcti  onnrcTH  itpam  fur  hnitUiit  tlic  apinriittii,  and  EE  uv  ftopoouks  for  hirnint; 
on  or  sliutUog  off  tlie  ittcAin  In  conuccUou  with  vltticr  A  or  Fl.  (Prum  Dr.  B«etin»*«  *  l*nioUciU 
Fipen  OR  AntlMpUo  Surgtr}.'} 

The  resin  iH  first  dissolved  in  the  spirit,  then  the  carliolic 
acid  and  cAst-or-oil  are  added.  The  gauze  is  simply  soaked  in 
thia,  and  then  huu^  up  to  allow  the  spirit  to  evap«.irate.  The 
obj^'ction  to  this  gauze  ia  that  tlie  castor-oil  interferes  with  the 
affinity  of  resin  for  earhoHc  arid,  and  thus  the  carbolic  acid  will 
be  sooner  washed  out,  and  the  gauze  thereby  rendered  less 
trust  worthy. 

Iti  order  to  prevent  the  discharge  from  soaking  directly 
thronj^h  the  dressing  mnrhiiitsk  cloth  is  used.  This  is 
ootton  cloth  with  a  thin  layer  of  india-rubber  spread  on  one 
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side.  It  is  placed  outaidc!  the  gauze  dreHping.  As  a  rule  one 
layer  of  the  gauze  comes  outside  it,  partly  in  order  to  keep  it 
in  |M)sition,  and  partly  also,  in  case  any  hole  should  exist  in  the 
macintosh,  io  have  a  little  antiseptic  material  outside.  Care 
is  taken  that  the  side  on  which  the  india-rubber  is  spread 
next  the  wound,  for  if  the  other  side  be  placed  inwards  it  abitorbs 
dischiu-ge,  and,  not  Ixang  itself  antiseptic,  it  bccomos  in  reality 
a  piece  of  impure  cotton  in  the  interior  of  the  dressing,  and 
may  thus  communicate  putrefaction  inwards.  The  macin- 
tosh itself  also  gets  H]Hiilt  when  so  used.  The  dressing  con- 
sists of  a  piece  of  gauze  of  siifficient  size  folded  in  eight  layers, 
beneath  the  outer  layer  of  which  the  mackint.oah  cloth  i« 
placed. 

Sponges  are  washed  after  an  operation,  and  are  then  kept 
soaking  (ill  retpiired  in  a  jar  containing  carl)olic  acid  1-20. 
During  an  operation  they  are  washed  in  1-40  carbolic  acid 
lotion. 

These  sponges  often  become  filled  with  fibrin,  and  thus 
rendered  more  or  less  useless.  It  is  very  difhcult  to  remove 
this  fibrin  by  washing.  Mr.  Lister,  therefore,  after  an  operation 
places  the  sixinges  in  a  tank  cont.iining  water.  Putrefaction 
of  the  fibrin  occurs,  and  after  some  days  the  spmges  can  be 
easily  cleansed.  They  are  then  placed  till  required  in  the 
1-20  carbolic  solution. 

When  the  wound  becomes  quite  superficial,  various  prepar- 
ations of  KoHArJC  Arm  may  be  empioyod  with  tidvautage, 

BoTftcic  lotio7i  is  a  cold  eaturat<*d  solution  of  lx»nicic  acid 
(B.O^aH/))  in  water.  This  m-id  is  soluble  in  25  to  :^0  parts 
of  colli  water,  and  in  very  much  larger  ]>roportion  when  the 
water  is  boiling.  It  is  convenient  to  tinge  thiB  solution  with 
litmus  in  order  to  distinguish  it  from  the  carbolic  lotions. 

Boraclc  lint  is  ordinary  sur^csil  lint  soaked  in  a  hot  aitumied 
solution  of  boracic  acid  and  then  hung  up  to  dry.  About  half 
its  weight  consists  of  crystals  of  the  acid.  This  is  also  stained 
with  litmus. 

Boracic  ointment  is  employed  in  certain  cases.  Two 
strengths  are  commonly  used,  cnlled  full  strength  and  half 
strength;  the  fonner  being  a]ipli(Ml  to  wounds  where  cavities 
exist.,  the  latter  to  6uj>erficial  wounds  which  one  wishes  to  heal 
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rapidly.  The  following  is  the  original  foruiula  for  the  full 
strength  ointment : — 

Bojiuiu  ucid  crybtals 1  port 

AMiite  wax       .......  1     „ 

Paraiiin 2  parts 

Almoud-oil 2     „ 

First  mix  the  wax  and  panittin  by  heating  them  together, 
then  add  the  oil;  mix  the  crystals  with  tdis  in  n  warm 
mortar,  and  continue  the  process  of  mixing  till  the  liquid 
solidifies.     Spread  on  thin  cotton  cloth. 

The  half  strength  contains  half  the  r|Luinti(y  f)f  Lonu-ic  acid. 

A  much  softer  an<l  more  maniigenble  boracic  ointment  is 
now  made  with  vaeeline.     The  following  is  the  best  foniiulu  :— 

MiLke  a  buais  of  2  {uirUs  of  fNtitiilin  to  1  }>arl  of  vaseline. 
Take  of  this  5  {mrtti 

„  horacic  acid,  1  iwj't.     Mix. 

Salicylic  acid  cream  is  used  for  applying  around  a  wound 
when  a  dressing  is  to  be  left  ou  for  some  tlaye.  It  prevents 
irritation  by  the  ditfcharge.  It  formerly  eons^isted  of  salicylic 
acid  crystals  mixed  with  1-20  ciu-bolie  acid  lotion  in  suificieut 
quantity  to  form  a  creamy  fluid.  Tliis  is  apt  to  sejiarate  into 
two  layers,  and  therefore  it  ia  better  to  make  a  cream  by  mixing 
salicylic  acid  with  glycerine  so  as  to  form  a  puf^te.  This  latter 
cream  remains  of  uuiform  consistence,  and  is  eai^ily  apjilicd.  For 
this  purjKJse  Mr.  Lister  uses  glycerine  and  carbolic  uciiJ  1-10.  . 

Tiie  formula  for  salicylic  uintiutnit  is — 

Of  the  same  luise  as  is  used  for  boradc  acid  29  part^ 

Salicylic  acid 1  jKixt. 

For  the  piu^Ktse  of  purifying  sinuseH,  j-utrid  ulcers,  &c.,  a 
solution  of  chli/rtdt'  of  zinc  is  used  of  the  aLrength  of  40  grs. 
to  the  oz.  of  water.  This  is  either  applied  on  lint  to  the  whole 
surface  of  a  wound,  or  it  is  injected  by  means  of  a  syringe  and 
catheter  into  all  the  deep  paits  of  the  wound,  care  being  taken 
to  provide  free  exit  for  the  fluid  injected.  If  the  exit  of  the 
solution  is  obstructed,  it  may  j^ss  into  the  tissues  and  cause 
gangrene, 

Ivdiffoiin   is   now  applied  to  the  surface   of  ulcers,   and 
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answers  the  same  purpose  as  the  chloride  of  zinc  solution,  while 
it  causes  no  pain. 

Carboliaed  cotton  wool  is  used  in  some  cases  of  gangrene. 
It  is  obtained  by  soaking  pure  cotton  wool  in  a  1  per  cent, 
solution  of  carbolic  acid  in  ether.  The  cotton  is  then  dried  and 
used  immediately. 


DEHCIiirTION  OF  AN  ASMPTZC  OPERATION, 


CHAPTER   I\\ 

ASEPTIC  8URGEHY    (eimanved). 


Kxfttnple  of  an  nwptic  nf,crntion  t  rnrilicntion  of  the  skin— FinRcni— Inslrn- 
inentE  :  Spray^ — rrecaulious— Prtibable  crrorn,  ami  modo  of  rcmt'tljing 
tbem  :  Ooaitl :  Ligature  of  aripries :  l>rainiipe  of  wounds — Indin-niblier 
tnhes — (Tatg^iit  ri mi :;s— Horse  hair—  l>ecalciti*'d  bone  tabc«  (Neuber's  and 
MaoKwen's):  Suturt-a:  Mntton  stitchra— tilitchc^  of  rolaxatiou — tititcbes 
of  coaptation — Aseptic  slrappiug— Trottjctivc  :  Uwp  dn*«hiDg'i  Loof^e 
paiue:  Gnace  dressing:  Elastic  bandage.  CiiANfliKo  T»E  ORKHfiiNQg — 
Time— Method.  TlU^A.THE^'T  of  ulcers  :  PnriHcatioo  of  the  i»oro  :  Boracic 
dreesing:  Boracic  and  ^lic^'lic  ointment ;  Borstcic  poultice. 

Having  described  the  materials  employed  in  aseptic  surgeiy, 
vre  must  now  consider  how  they  may  best  be  employed.  Take 
a8  an  example  of  an  operation  the  removnl  of  a  fatty  tumour. 

The  }jatient  having  been  broiiglit  under  the  inilueiicu  of 
chloroform  or  other  anaesthetic,  the  nkin  over  the  tumour,  and 
for  some  distance  in  the*  vicinity,  is  thoroiiglily  juirified  from 
any  active  dust  by  washing  it  Wt?l)  with  a  snliuion  of  carbolic 
acid  1-20.  The  surgeon  and  his  assistantB  also  wash  their 
hands  in  1— JO  carlmlic  lotion,  while  the  instruments  are  ]mt  to 
soak  in  1-20.  A  towel  is  arranged  close  to  (he  tumour,  gene- 
rally on  the  part  of  the  table  between  the  operator  and  the 
patient,  which  towel  has  been  well  soaked  in  1-20  carbolic 
lotion,  and  is  meant  asau  antiseptic  biisis  on  which  intitruments 
may  be  laid  during  the  courae  of  the  operation  witliout  any 
fear  of  their  contamination.  This  towel  is  so  arranged  as  to  be 
within  the  cloud  of  Rpray.  A  sj)ray  being  now  made  to  play 
over  the  jmrt  from  a  convenient  distance,  the  surgeon  makes  his 
incisions,  removes  the  tumour,  tiew  the  vesR«»Is  with  catgut, 
introduces  a  suitable  drain,  stitches  up  the  wound,  and  a{>plies 
a  piece  of  protective  but  little  larger  than  the  wound — the  pro- 
tective being  of  course  dipi>ed  in  the   1-40  carbolic  solution. 
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Outride  this  is  applied  a  }»iece  of  wet  gauze,  consisting  of 
several  layers  of  loose  gauze  which  has  been  soaking  for  some 
time  in  the  1-40  carbolic  solution.  This  wet  gauze  and  pro- 
tective are  called  the  deep  dresHunj,  The  wet  gauze  must 
overlap  the  protective  in  all  directions.  Then  any  remaining 
hollow  is  filled  up  w^ith  loose  gauze,  and  outside  the  whole  a 
gauze  dressing  is  fixed.  This  dressing  consists  of  a  piece  of 
carbolic  gauze  of  suitable  size,  folded  in  eight  layers,  and  having 
the  niacint4jsh  ]>laced  beneath  the  outermost  layer,  with  the 
india-rubber  side  inwards.  The  dressing  is  fixed  by  means  of  a 
bandage,  and  when  this  is  accomi)lished  the  spray  may  be 
8toi){)ed.  Then  around  the  edge  of  the  dressing  an  elastic 
bandage  is  applied  so  as  to  keep  the  edge  constantly  in  contact 
with  the  bcxiy,  and  to  allow  no  interval  to  occur  between  the 
dressing  and  the  skin  during  the  movements  of  the  jiatient. 
The  elastic  is  ciirefuUy  fixed  to  the  edge  of  the  dressing  by 
means  of  siifety  pins. 

In  the  after  progress  of  the  case  the  dressing  is  changed 
according  to  the  amount  of  discharge,  though  in  no  instance 
is  it  left  longer  than  eight  days. 

Such  is,  very  briefly,  a  sketch  of  the  ordinary  method  of 
performing  operations  ase]>tically.  I  shall  now^  consider  each 
step  in  detail,  and  point  out  tlic  most  froqu*'nt  sources  of 
failure  in  carrying  out  the  method;  for  it  must  always  be 
borne  in  mind  that  the  whole  opomtion,  as  far  as  regards  the 
avoidance  of  ])utrefactitm,  requires  as  much  care  as  if  it  were  an 
ex])eriment  performed  in  a  laboratory  on  i>utreseilile  fluid  con- 
tained in  glass  vessels. 

The  first  thing,  then,  is  to  purify  the  skin  in  the  neigh- 
bourhood of  the  seat  of  opera! i4m.  This  is  necessary,  Ix-cause 
the  skin  is  coven^d  with  dust.  Tht;  natural  grease  t»f  the  skin  is 
not  easily  removed  by  shnple  washing,  and  it  protects  the  septic 
particles  j>resent  beneath  it  and  in  the  hair  or  sebaceous  follicles. 
Tliis  ])urification  of  the  skin  is  carried  out  by  washing  it  well 
with  1-20  carlwlic  lotion,  the  antiseptic  being  allowed  to  act 
for  some  little  time.  It  is  well,  having  first  washed  the  neigh- 
bonrhocKl  thoroughly,  io  ai)])ly  over  the  seat  of  ojieratiou  a 
large  nig  or  towel  soaked  in  1-20  solution,  and  to  allow  tliis  to 
remain  on  the  part  for  some   minutes.     NN'ht-re  the  epidermis 
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is  thick,  or  where  there  is  any  putrid  matter  present,  it  is  best 
to  apply  this  t4>wel  ablaut  half-un-hour  before  the  ojM'ration,  It 
is  not  necessary  to  wash  the  skiu  with  snap  and  water,  or  with 
alcohol  or  ether,  as  is  often  done  in  (iennimy.  Thi*  carbolic 
aciti  has  a  wonderful  jwwer  of  penetrating  grease  or  epidermis  ; 
and  if  time  be  given  for  it  to  act  it  is  unncccssjiry  to  wash  off 
the  ^ease  beforehand.  If  the  wound  is  to  be  in  the  neigh- 
l>ourh(X)d  of  hair,  aa  in  t!ie  axilla  or  near  the  pubis,  the  part 
must  be  shaved,  and  then  well  soaked  with  the  carbolic  lotion. 

The  errors  in  the  purification  of  the  part  may  be  that  the 
skin  is  not  purified  at  nil,  or  that  it  is  washed  with  water  ;  or, 
an  I  have  seen,  the  operator  9iraj)ly  allows  a  carbolic  spray  to 
play  over  it  for  a  miuute  or  two,  and  is  satisfied  with  this  ;  or 
he  merely  rubs  the  surface  with  his  wet  finger.  This  purifica- 
tion must,  however,  be  done  thoroughly,  for  every  hair  follicle 
and  gland  duct  may  contain  causes  of  putrefaction.  Carbolic 
oil  is  used  by  some  instejid  of  the  watery  solution  to  purify  the 
skin.  This  is  a  great  mistake,  for  oil  has  a  much  greater 
affinity  for  carbolic  acid  than  water  has,  and  therefore  tlie 
carb*.)Hc  acid  in  the  oily  solution  does  not  act  with  the  same 
rapidity  as  the  watery  solution.  Thus  1-20  itr  even  1-10  car- 
b<.tlic  oil  is  not  nearly  so  useful  for  producing  an  instantaneous 
effect  as  1-20  carbolic  lotion. 

At  the  same  time  the  operator  and  hisa*;sitiUmtn  purify  their 
hands.  Thia  must  also  be  done  thoroughly,  and  the  folds  of 
skin  alx>ut  the  nail  more  especially  must  be  well  cleansed  with 
the  lotion.  In  an  imjtortant  openition,  as  in  an  o])enition  on 
a  joint,  it  is  well  to  use  1-20  carbolic  lotion  for  this  pur|>o8e, 
so  aB  to  avoid  any  chance  of  a  lurking  [^article  ;  hut  in  ordinary 
operations  1-40  is  quite  sufficient-  This  purificatiou  of  the 
hands  is  only  too  apt  to  be  a  sham,  no  ciu'e  being  taken  about 
the  nails  and  folds  of  skin.  The  1-20  is  not  used  in  nil  causes, 
because  1-40  is  really  sufficient,  and  the  Btnmger  solution  is 
apt  to  benumb  the  hand. 

The  instruments  are  purified  by  immersion  in  1-20  cai-bolic 
lotion  before  the  operation.  A  tin  or  porcelain  trough  filled  with 
the  1-20  solution  is  employed  for  this  puqiost*,  the  instruments 
being  placed  in  it  some  time  before  an  operation  (Fig-  22). 
The  instruments  are  not  merely  dipped  ;  they  must  remain  in 
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the  lotion  for  some  time,  because  the  carbolic  acid  rcqai 
little  time  to  m?t  on  the  greiise  or  dirt  on  them.  For  the  «tm<r 
reason  the  teeth  of  toothed  instruments  ought  to  be  eleane^l 
thoroughly,  ami  fort^eps  l(K'king  by  ciiteheti  ought  t-o  Ik*  widi'ly 
opened,  so  as  to  allow  the  solution  t-o  come  in  contact  with  all 
|»arts.  Tlur  wholt'  instrumt-nt  must  be  iminer!*e<l,  for  if  only  the 
point  bf  purified  it  may  happen  that  th«f  irupniv  Iiiiiidle  is  in- 
advertently brought  into  contuct  with  the  wound  during  thi 
course  of  the  o|jenitiou. 

The  errors  most  likely  to  occur  are  either  that  during  the 
course  of  the  operation  an  instrument  not  previously  in  the  tray 
it*  used  without  any  attempt  nt  purification,  or  that  the  instru- 
ment is  imperfectly  purified  or  nuly  \^\tX  of  it  eleauned.  I  have 
seen  the  danger  of  partial  purification  more  than  once  eiem- 


FlO.  22.— I'OaCKLAIM   TUOI-CJII    containing    IN8TBUMKMT8  BOAKISO   W 
CARBOLIC   LOTIOM. 


plified.     Thus  I  linve  seen  the  bhidf  of  a  knife  alone  purified^ 
and  the  surgeon  in  the  middle  of  the  o[>eration  use  the  uncl< 
Imiidlu  to  separate  the  tissues.     Other  errors  in  the  mauipu* 
lation  of  instruments  will  be  referred  to  presently. 

The  spniy  is  very  important  in  m.'my  aust^s,  for  it  provide 
an  atmosphere  in  which  instruments,  &c.,  may  Ix*  kejit  without 
danger  of  eontaminntion.  In  onier  to  have  a  wide  and  large 
antiseptic  area  in  wliich  to  work,  the  spray  ought  not  to  be  too 
near,  ab^tiit  six  or  uight  f*.'et  or  more  being  a  suitable  disUvnce 
for  a  gCMiJ  spray,  Ciux*  must  be  taken  that  tlie  spray  is  not 
hlown  off  the  ]Mirt  by  draughts  nr  by  peojile  moving  about.  The 
spray  is  most  necessiiry  in  opening  abscesses  or  in  stitching  up 
wt>und»,  for,  to  take  the  latter  case,  aa  the  wound  is  not  syringed 
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out  aftpr  the   stitches  are  inserte<i,  septic  iiir  may  be  inclosed 
in  the  cavity  of  the  wound,  and  miiy  give  rise  to  putrefaction  if 


the  rtpray   has  not  been    playing   over   the    wound  while  the 
stitche*t  were  being  introduced. 

During  the  course  of  an  operation  any  instrument  which  ha» 
beon  once  purified,  if  kept  in  the  H])ray,  even  though  covered 
with    blood,  reiuuintii   pure,  and   uuiy  be   introduced  into  tlie 
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wound  without,  hesitation.  The  same  is  the  case  with  tlie 
hands  of  the  operator  or  assistants ;  and  therefore  the  dresser,  in 
handing  instruments  to  the  surgeon,  must  hand  them  into 
the  Hpray  (Fig.  23).  If  in  the  course  of  the  oi>eration  the 
surgeon  reaches  his  hand  or  an  instrument  out  of  the  spray 
for  any  reason  wliatever,  it  must  be  repurifi€*d  before  being- 
put  into  the   wound.     For  this  puq)08e  tht^re  is  generally  u 


FlO.   2J.— To  SHOW  TUB   AKRAXOBMRRT  Or  TOWKIA  BTC. 
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ana  Arr  thnvtnwol*  which  liBT"  T>r*^  iHMln«i]  Inl-SOmrhnllr  Inf  inn.  *nf' 
nwjr  (n»  plnccl  nri  IhMii  wltlinut  frtir  of  rxintamiDiiUoiL    Tlin»  1  ■'mfill  «ix>ii. 
npp<*r'in«v    •/  It  ttinriir;}!  conLikiiiinir  1-lucartMllc  lotlnti  vhlch  n'navs  fXniy'i 
tiiii)  in  the  Ufiff  at  ttiifipray.     In  tlxUheplaor*  thoinstmin'^it*  vhfoh  omiot  )•  . 
In  It  )i<>  rcpurlflM  Ma  huid*  nr  Instminent*  {f  thfrf  havi?  Iii«n  niriHiri<il  frnm  lhi<  1 1 
In  thip  inrtlrnlAi*  Initanca  wo  bftve  a  larve  wound  tii  drAl  with  -<vn*'  *o  larvf^  titftt  a 
nnl»Hri  or  Inrire  rnlmne,  mnr  not  oorw  It  oomplrUly.    Hmos  a  plwo  of  ^mtf^^  %cmkvl 
lotiuu  U  ihritwn  otct  th«  (rout  of  tti«  wotind  while  the  kutmo  il  ftttoMlIiiK  to  tlie  ■xillvjr 
nr  rire  rrrtd. 

basin  of  1-40  carbolic  lotion  placed  close  to  the  o|>erat-or  in  thi 
line  of  the  spray,  in  which  finircrs,  instruments,  &c,^  may  bal 
rf'-jmrifieil  by  raotncntiiry  dijipin^.     When  iustrumt^nts  arelaid^ 
down  out  of  the  spray,  or,   in  the  spray,  on   a  blanket,  t' 
inuHt  be  r^^puritied  lufnrt*  ht'ini^  used  a^in.     To  provide  a  basil 
on  which    instrument  h    may    be    laid,   th<.*   carbolised  towel  iij 
arrangcil  before   the  operator  as  formerly  described,  and  th( 
blankets  in  the  neighbonrho<xl  are  generally  also  covered 
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with  wet  towels,  8o  a.«  to  avoid  the  clmnce  of  tlie  hiplnnm'ntH 
being  laid  on  the  blankets  (see  F'ig.  24).  Should  the  operator, 
during  the  coarse  of  an  operation,  wipe  his  hands  in  a  dry  towel, 
or  toneh  nny  nnpiinficd  substance,  he  must  remember  to  wash 
his  handt!  in  1-40  caibolio  lotion  before  re-introduuiug  them 
into  the  wound. 

These  precautions  seem  on  the  one  hand  self-evident,  while 
on  the  other  they  seem  so  burdensome  to  remember  that 
they  are  often  negleeted  by  self-sufficient  surgeons.  And  yet 
it  is  by  (he  neglect  of  these,  rather  than  by  error  in  any  other 
part  of  the  Listerian  method,  that  mistakeH  arise  and  failures 
txicur.  Many  people  think  that  the  spray  is  the  essential  port 
of  the  treatment,  and  negleet  the  precjiutions  as  to  constant 
purification  of  instruments,  itc,  and  when  their  cases  go  wrong 
they  say  that  the  priHci[)ie  is  incorrect,  And  yet  one  thoroughly 
arquainted  with  the  Listen:m  method  will  readily  detect  the 
loopholes,  and  the  genera!  Idophole  is  the  omission  of  some  of  the 
precautions  with  regard  to  purificAtion  of  fingers,  in^truxueuts, 
Ac.  Thus  I  have  seen  a  surgeon  with  considerable  experience 
in  aseptic  treatment,  diu-ing  the  course  of  a  difficult  operation 
wipe  his  hnnds  with  a  dry  towel  and  immediately  introtluce 
them,  covered  with  the  dust  from  the  towel,  into  the  wound. 
The  patient  died  of  septic  jxiisoning.  Now  many  surgeons 
might  have  said,  *1  used  the  spray;  I  used  all  precautions; 
my  instruments  were  soaking  ;  my  hands  were  purified  ;  *  for- 
getting this  one  little  incident.  When  the  point  was  men- 
tioned, however,  the  mistake  was  at  once  seen.  Peojile  are  too 
apt  to  trust  to  the  spray  as  sufficient,  nnd  to  speak  u(  aseptic  or 
Listerian  surgery  as  treatment  by  the  spray.  This  is  a  great 
and  often  fatal  mistake.  Of  all  the  precautions  required  by 
Mr.  Lister,  that  of  j)urifying  the  air  by  means  of  a  carbolic  acid 
spray  is  the  least  necessary,  for  there  are  but  few  septic  jiarticles 
present  in  the  atmosphere,  and  even  though  some  of  them  fall 
on  to  a  woimd  they  may  be  rendered  inert  by  washing  the 
wound  with  carbolic  lotion.  It  must  always  be  remembered 
that  Mr.  Lister  carrie*!  out  aseptic  treatment  for  years  with 
great  success  without  any  spray  ;  and  if  at  the  present  time  he 
were  comj>elled  for  any  reas^jn  to  give  up  some  one  jtrecnution,  ho 
would  at  ouce  throw  aside  the  spray,  as  that  oue  which  is  least 
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necessary,  and  which  couUl  be  the  most  readily  dis|ieusod  with. 
At  the  aatne  time,  the  fqiray  is  an  immense  convenience  in  many 
cas4?s,  more  eqieciully  in  nbscesses,  em)>yemata,  in  stitching  up 
wounds,  &c. ;  and  it  save^  the  necessity  of  applyinj^  a  ^eat  deal 
of  carbolic  acid  to  woundn  by  irrigating  them,  with  the  con- 
sequent irritation  an<l  risk  of  carbolic  sicid  jHtisoning. 

To  return  to  the  errors  which  may  arise  in  thirf  ^wirt  of  the 
treatment.  It  may  Ik?  that  the  sj)ray  is  too  nwir,  uncJ  that  thus 
the  cloud  is  so  narrow  that  the  surgeon  is  constantly  getting 
his  hands  or  his  instruments  out  of  it,  and  forgetting  to  re- 
piu*ify  tbem.  There  are  other  disadvantages  when  the  spray  is 
too  near.  Thus  it  is  very  wetting,  and  the  hands  of  the  surgeon 
and  the  wound  are  unnecessarily  irritated  by  the  carlxdic 
acid.  If  too  near*  the  ojiaque  spray  also  obscures  the  fieki  of 
vision.  On  the  other  hunil,  where  the  spi-ay  is  visible,  it  may 
be  sufficiently  trusted.  Other  sources  of  error  are  that  instru- 
meuts  maybe  used  which  have  never  been  purified,  which  have 
been  only  imperfectly  piirified,  which  hiivc  after  their  use  lain 
about  outside  the  spray  or  on  blankets,  Ac. ;  or  it  may  be  that 
the  carbolic  acid  gets  exhausted  in  the  8l>ray  bottle,  or  that  for 
some  other  reason  the  spray  does  not  act  properly. 

What  is  to  be  done  should  any  of  these  accidents  occur? 
Su]>pose  that  an  impure  instrument  or  finger  be  introduced  into 
the  wound,  that  wound  must  be  at  once  tlmmughly  washed 
out  with  1-40  carb(»lTC  lotion.  This  is  a  liad  thing  for  the 
wound,  because  it  irritates  it,  and  may  prevent  healing  by  first 
intention  ;  or  it  ma^',  by  causing  a  much  larger  quantity  of  dis- 
charge than  usual,  so  saturate  the  gauze  dressing  as  to  ren<ler 
it  uuidjle  to  prevent  the  spread  of  ])Utrefaetion  inwartls.  There- 
fore it  is  better  to  use  the  spray,  and  to  take  all  the  j>reeautions 
before  mentioned.  8hould  the  spray  stop,  the  wound  must  be 
washed  out  just  as  in  the  former  ca-se,  and  then,  till  the  spmy 
can  be  set.  i^<^ing  again,  the  wound  is  covered  with  a  piece 
of  mg  soaked  in  carbolic  lotion. 

This  piece  of  rag,  called  the  guard,  ought  to  be  always 
present  in  the  basin  by  the  side  of  the  surgeon,  and  when  there 
is  any  indication  that  the  spray  is  failing,  or  should  it  be  advis- 
able to  stojt  the  s])ray  for  any  reiuHuUj  this  is  thruwn  over  the 
wound  for  the  time  being.     iShoukl  any  time  elapse  before  the 
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spray  is  again  readj  for  use,  this  guard  must  be  repeatedly 
moistened  with  carbolic  acid  lotion  1-40. 

Where  the  wound  is  very  large  it  may  be  protected  during 
the  operation  either  by  having  two  sprays,  or  by  covering  up  the 
|»art  of  the  wound  which  is  not  being  operated  upon  by  a  guard 
(see  Fig.  24). 

The  arteries  are  ligatured  with  catgut.  This  catgut  is 
generally  employed  of  three  different  sizes.  Thr  liirgcst  is 
used  only  for  large  vessels  or  for  stitches;  the  medium  for 
medium-sized  vessels,  or  for  vessels  in  inflamed  or  dense  tissues 
where  eonsidenihle  force  is  required  to  constrict  the  vessel,  or 
for  stitehes;  the  small  or  (ine  catgut  is  that  ordiniu-ily  employed 
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for  the  smaller  vessels.  The  vessel  having  been  securely  tied, 
the  catgut  is  cut  short,  and  gives  no  more  trouble.  It  is  well 
to  tie  all  the  visible  bleeding  jM^iats,  because  a  little  oozing  of 
blood  may  give  trouble  afterwards  from  tension.  If  the  vessel 
be  situated  in  dense  tissue,  so  that  a  ligature  cannot  be  applied 
around  it,  a  nee<lle  carrying  a  tlouble  catgut  Ihread  should  be 
(lassed  through  the  tissue  and  tied  on  each  side  of  the  vessel 
(see  Figs.  25a  ami  25ft).  The  catgut  should  be  taken  direct 
(rc»m  the  trough  containing  earboh"c  oil,  and  should  not  be 
wetted  in  the  lotion.  Where  the  bleeding  is  from  a  tear  in 
a  large  vein,  and  where  it  would  be  dangerous  to  ligature   the 
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vesRel,  I  !tave  seen  the  following  meth<»d  adopted  by  Mr, 
Lister: — In  removing  some  cancerous  glands  from  the  axilhi, 
a  fimall  vein  was  torn  away  from  tlu*  axillary  vein  at  their 
junction,  making  practically  a  longitudinal  rent  in  Hie  axillary 
vein.  Taking  a  fine  curved  needle  and  the  finest  catgut,  he 
stitched  up  the  rent  by  the  glover's  suture.  The  piitient 
recovered  without  the  slightest  bad  symptom.  There  was  no 
pain  in  the  wound,  nor  swelling  of  the  arm,  (fee.  In  another 
caHe,  where  the  lougitudiual  sinus  was  injure*!  in  trephining 
the  skull,  the  wound  was  plugged  with  catgut,  and  the  jxitient 
recovered  without  any  untoward  symptom. 

The  drainage  of  an  aseptic  wound  is  the  point  next  in  im- 
portance to  keeping  the  wound  aseptic.     For  if  the  blood  nnd 

serum  which  collect  in   the  in- 
terior of  the  wound   within    the 
/  ,   ,>^ki*5^x  ^  '^^^^    twenty-four    or  forty-eight 

P^    /^  As    -^L^     /^    hours  do  not  get  free  exit,  they 
.»'/\  ,  y^Y  \    ^C>^  give  rise  to  tension,  and  tension 

.y  ,    A  '-^^"^     gives   rise  to  inflammation,  and 

/     T^;^  i  ■    the  latter,  if  allowed  to  go  on  long 

*^'  ^  -^     enouj^h,     to    su])puration ;     and 

Fm.  26A.-AWOTHKR  Mnxnoo  ok  ^^lus    the    nipid    healing   of  the 
TYiNo  vatwELs  IN  oKssB  Ti8BUE*j.  wound  Is  prevented,  though  the 
(PmmBmiarc]..)  p:iUt_nit   is  uot  as  tx  rule  snhjeetfHi 

to  any  danger  to  life.  To  avoid  these  consequences  Mr,  Lister 
has  paid  very  special  attention  to  the  drainage  of  wotmds. 
There  are  two  main  w.ivs  in  which  ibis  may  be  done — drainage 
through  tubes,  or  drainage  by  eupillarity.  The  former  is  the 
moat  universally  ap]ilieable  and  the  most  certainly  successful. 

Drainage  by  mcitris  of  hd>es  is  that  first  usfd  liy  Mr.  Lister, 
and,  as  just  sl.-ited,  is  the  form  f*f  dniinage  which  is  most  uni- 
versally appHciihle.  l^e  tubes  generally  employed  are  the 
india-rubber  tulu's  intrix]uce<l  by  Chassaignac,  though  of  la(e 
the  kind  of  rubber  has  been  altered,  that  now  used  being  red 
rubber,  which  contains  no  fi-oe  sulphur.  By  the  use  of  these 
ro<l  rubber  tubes  disagreealde  smells  and  hlaokenint:  of  the 
jjroteetive,  which  often  occurred  when  the  black  tubes  contain- 
ing free  sulphur  were  employed,  are  iivnided.  These  tubes  have 
roimd  holes  cut  in  them  nt  short  intervals,  the  diameter  of  each 
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being  about  one-tliiixl  of  tlie  ciroumfercucc  of  the  tul)e. 
At  the  outer  end  the  tubes  are  cut  flush  with  the  surface  of 
the  nlciu — straight,  across  if  the  tube  gr>cs  directly  downwai'dB, 
or  with  >'arying  degR-es  of  obliquity  aecordiDg  to  the  directioo 


Fig.   26.  -ORDINAIIV   UUUWt'E-ESDEP   D&AlSAGB-Tt'BE   READY    VOK   V6E. 

which  the  tube  tjikes  ( Kig.  26).  The  tul>e  must  not  j»roject  be- 
yond the  surfiice,  for  if  it  does,  its  orifice  gets  eoinj  tressed  by  the 
dressing,  and  the  exit  of  fluid  ia  prevented.  To  keei»  thednun- 
age  iulxi  from  fili[»i»ing  iu,  two  threads  of  carbuliscd  silk  are 
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fastened  into  it  at  its  orifice,  and  tied  iu  u  knot.  This  knot, 
hehl  between  the  dressing  and  the  skin,  retains  the  tube  in 
position.  In  some  ciisoajhowevcr—ns  for  rx;un|tle,in  einjiyenm — 
the  tube  might  slip  iu  iu  npite  of  the«e  threads,  and  therefore  it 
iri  well  to  fill  up  the  1oc»j»h  with  strips  of  gauze  troaked  in  the 
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carbolic  Itition  (Fig.  27).  These  absolutely  prevent  the  tubes 
from  iilipping  iu.  These  tubes  are  alwiiyn  kept  in  a  hirgc  vessel 
contnininfif  1-20  «irbi»lio  aeici  Holution,  find  are  thus  always  ready 
for  u»e.  When  a  tube  u  altogether  removal  from  a  wt^mnil  it 
id  not  thrown  away,  but  is  wa^^hed  and  put  into  the  bottle 
with  the  other  tuU*H,  und  used  for  another  ca«e.  These  tubes 
vary  in  size  according  to  the  size  of  the  wound  and  the  imiount 
of  discharge  e3q>eete<i,  and  ;ue  arranged  bo  as  to  drain  the 
jKirta  of  the  wound  which  form  cavities  or  from  which  the 
greatest  amount  of  discharge  will  come  It  isnotneressary  that 
their  orifice*  l>e  de|)endent,  though  it  is  of  course  better  that 
they  should  lx»  ho.  It  is  not  essential,  liowcver,  Ikhviusc  the 
6uid,  as  it  forms,  welln  out,  and,  not  being  putrid,  that  which 
lies  at  the  btrftom  of  the  drainage-tube  doe.s  not  ciiuw  irritation. 
In  cases  where  the  most  dependent  opening  would  be  near 
sources  of  putrefiu't ion,  it  is  well  to  have  tlie  drainage-tnlw  in 
another  jort   of  the   wound,  even   though   it  he  not   so  de- 

jHjndent,  Thus  in  inguinal 
hernia  the  tube  would  no 
doubt  be  in  the  most  dejwn- 
dent  part  if  its  oritice  were 
ch»e  to  the  pubi?,  but  as  that 
Would  be  much  Uyo  near 
sources  of  putrefaction,  such 
as  the  vagina  and  |>enis,  the 
orifice  of  the  tulk*  ought  to  be 
at  the  outer  angle  of  the 
Mw]^F"      //  S   wound    (yee    Fig.    28).    In  a 

^  >y        ^^  m  large  wound  it  is  well  to  have 

more  than  one  tulx*;  and  it  ia 
better  to  have  two  Hmnllish 
tubes  in  any  cnse,  mtherthan 
BBBNiA,  (mTCHBD,  RHowiNo  THB  OHc  large  onc,  becausc  on  the 
posiTiost  OF  THE  DRAiNAtiK-xniB  day  nftcr  the  operation  one  of 
OP  TH»  ^]jpgg  tul)es  may  be  removed 
altogether ;  whereas  if  a  large 
one  were  ]jnlled  out  in  order  to  insert  a  smaller,  there  would 
be  the  grtiate^t  difficulty  in  introducing  either.  No  tube  which 
one  wishes  to  put  back  again  sliould  be  removed  till  the  third 


28.— IHCISIO.X       FOB     INOCISAL 


AT    TUB    OUTIEB    AXULK 

woevD. 


nnAiKAOE. 


7ft 


day,  on  account  of  the  difficulty  of  returning  it.  By  that  time, 
howeviT,  it  !iesin  ii  uhaunt'l  in  the  IjUmmI  clot  or  lyiniih,aud  r^lips 
biick  easily.  ¥\g.  29  represents  forceps  inlroduceil  by  Mr,  Lister, 
and  called  *  sinus  forceps/  which  are  of  the  great-eet  service  in 
inseiling  dnunage  tubes.  Genenilly  on  the  third  day  half  the 
tube  in  cut  o0',  and  it  is  reduced  in  length  at  subsequent 
dressings  till  it  becomes  no  longer  necessary.  No  exact  rules 
can  be  given  for  shortening  or  leaving  out  the  tube.  This  must 
simply  be  a  matter  of  experience,  guided  by  the  amount  of 
discharge  and  the  tendency  to  accumulation  or  otherwise. 
Should  tension  occur,  a  larger  and  longer  tube  ought  to  l>e  at 
once  introduced. 

A  i>Dint  wliich  has  always  seemed  to  me  of  great  impoi'tance 
in  connection  with  the  use  of  these  tubes,  and  one  which  hits 
apjmrently  been  overlooked,  is  the  following.     A  tube  is  taken 
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out  of  carbolic  loHon  at  some  distance  from  the  spr.iy,  is 
teried  through  the  air,  and  then  directly  introduced  into  the 
wound.  I  can  liardly  belit-ve  that  when  a  large  tulK^  h  taken 
out  of  the  lotion  there  would  be  Hut^cient  vapour  of  carbolic 
acid  in  it  to  destroy  any  septic  dust  which  might  get  into  ita 
interior,  for  a  considerable  mass  of  air  must  take  the  place  of 
the  fluid,  and  thip  amount  of  hospital  air  may  often,  ati  I  have 
found  by  ex]>eriment,  contain  causes  of  putrefaction.  Of  course 
when  passing  through  the  spniy  this  air  may  be  displaced  or 
purified,  and  also  when  intr'niuced  into  the  wound  a  consider- 
able amount  of  it  would  be  forced  out ;  while  at  the  same  time 
there  is  a  good  deal  of  carbolic  acid  jiresent,  and  jmrification  in 
one  way  or  another  woultl  ])rolHibly  occur.  And  further  the 
pmifying  power  of  healthy  living  tissues,  which  will  be  after- 
wurds  demonstnited,  must  be  taken  into  account.  But  in 
the  case  of  a  cavity,  purification  in  any   of  theiie  ways  may 
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not  hap}>en,  and  putrefaction  may  result.  In  a  case  of  incision 
into  the  knee-joint,  which  will  be  afterwards  alluded  to,  in 
which  fermentation  and  inflammation  occuned,  this  seemed 
to  me  the  most  probable  explanation.  My  suggestion  there- 
fore is  always  to  take  the  tubes  out  of  the  lotion  in  the  spray, 
and  then  the  air  which  eaters  them  will  be  air  previously  acted 
on  by  the  spray. 

Drainage  by  capillarity  was  introduced  by  Mr.  John  Chiene, 
who  was  also  the  first  to  enunciate  the  princij>le  of  absorbable 
drains.     For  this  puriK>se  he  uses  catgut,  and  generally  the 
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iinest  threads.  A  skein  of  cat j^ut,  containing  si»y  twenty  threads, 
is  tied  at  its  middle  by  a  single  thread  of  the  same  gut.  One 
end  of  this  thread  is  passed  through  a  needle  (Fig.  30),  and  by 
means  of  this  the  centre  of  the  skein  is  stitched  to  the  dee]>est 
pirt  of  the  wound  (Fig.  31).  Tlie  skein  is  now  broken  uj)  into 
bundles  of  five  or  six  threads  each.  One  biuKlle  comes  out 
at  each  angle  of  the  incision,  and  the  other  bundU's  at  inter- 
vals between  the  stitches  (Fig.  32),  More  than  one  skein 
may  be  retpiired  in  a  large  wound.  This  catgut  becomes 
absorbed,  and  never  requiivs  to  be  removed.  In  five  or  six 
days  the  ends  which  hangout  drop  oti',  and  little  granulating 
sores  are  formed  which  lieal  in  a  few  days.  Jn  this  nietluHl  the 
serum  escapes  by  capillarity,  and   by  distributing  the  threads: 
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over  various  {)arts  of  the  wound  the  true  princij>Ie  of  drainage 
is  cjirried  out ;  for,  as  pointed  out  by  Mr.  Chiene,  in  draining 
a  field  one  does  not  have  one  large  drain  going  from  one  end 
of  the  field  to  another ;  on  the  contrary,  the  field  is  traversed 
by  numerous  fimall  drains.  And  so  in  Chiene's  method  of 
draining  wounds  we  have  a  number  of  small  drains  traversing 
the  wound  in  several  directions*  In  this  method  there  is  no 
trouble  iibout-  pulling  out  the  drain,  and  no  necessity  for 
changing  the  drcsHing  simply  to  remove  a  tube  ;  the  drain 
disappears  of  itself.  It  is  well  to  leave  the  ends  of  the  catgut 
outside  the  wound  as  long  as  jjossible,  so  as  to  gel  a  siphon 
iiction,  and  care  mu«t  be  taken  not  to  break  up  the  bunches 
of  catgut  outside  the  wound,  for  the  cajiillary  action  cecum 
in  the  intervals  between  the  threads  when  they  are  closely 
ap(H3sed. 

Tlie  objections  urged  against  this  method  are,  firstly,  that 
in  large  woHuds  it  is  not  siittioienl,and  that  the  catgut  iKTomes 
a  pulpy  mass,  and  when  iu  large  quant i(y  lakes  a  long  time,  to 
organise.  Not  only  may  it  be  insufficient  at  first,  but  it  may 
lH?come  absorbed  tiw  soon — before,  indeed,  a  drain  of  some 
kind  can  be  dispensed  with. 

Now  these  objections  rest  in  great  i>;irt  on  the  fart  that 
the  drain  is  often  improperly  employed.  If,  for  instimce,  it  be 
not  stitched  to  the  deejiest  |)art.  of  the  wound,  the  catgut  may 
slip  and  the  deeper  parts  may  not  be  drained  ;  and  again,  if  a 
large  bundle  t>f  it  be  used,  coming  out  at  one  jart  of  the  wound 
only,  it  does  bewime  a  pul])y  mass,  and  takt.'s  a  long  lime  to 
organise.  But  this  is  not  the  meth<Ml  recommended  by  Mr. 
Chiene,  for  he  says  that  only  five  or  six  tlireads  ought  to  be 
brought  out  at  each  place.  There  is,  however,  no  doubt  that 
in  some  cases  it  is  absorbed  too  quickly,  and  this  was  the  reid 
objection  to  the  use  of  this  method  when  we  had  only  the 
catgut  prepared  by  the  old  method,  though  even  with  it,  if  the 
gnt  was  well  prepared  and  old,  the  drainage  was  often  very 
satisfactory.  This  difficulty  will  probably  be  overcome  by  the 
use  of  the  chromic  catgut  recently  introduced;  the  only  fear, 
indeed,  will  now  be  that  the  drain  may  last,  too  long.  Mr. 
Lister,  however,  thinks  that  if  only  the  finest  gut  be  used, 
according   to  Mr.  ChieneV  direetionSj  the  probability  is  that  it 
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will  be  absorbed  with  mifficient  rajiidity.  Of  course,  if  noceiv* 
sary,  the  ends  of  the  drain  can  be  cut  off,  when  it  has  served 
its  pnqK>ae,  bolow  the  h-vel  of  the  skin,  and  tlien,  even  thongli 
the  internal  i»art  be  not  all  absorbed,  the  wound  cau  heai 
complet^^ly. 

Catgut  can  only  drain  fluida  Kurh  as  hXtMul  «»r  serum  ;  it 
cannot  drain  pua.  It  is,  however,  unsuitable  in  eatfeu  of  chnmic 
abscess,  where  we  have  only  a  serous  discharge,  because  the 
cat^t  is  absorbed  long  before  a  drain  can  be  disjienHed  with. 


FlO.  31.^0rBRAT105  FOR  8TBBTCII190  THB  SOATIC  WEBVlt. 

Cit^t  drmin  ctllc1i(yl  to  the  dt^^pmt  pnrt  nf  th«  wnaiwl,  boiiMUi  the  (r1at«<u  niotlmot,  aiuI 
tnikm  lip  iuto  four  w?|<urntL'  iNinrltt*. 

If  the  wound  is  very  large  it  is  well  to  introduce  tubes  an 
well  as  catgut  drains  at  first.  Tlie  tubes  may  be  reniove<i  in 
twenty-four  hours. 

Instead  of  catgut,  horne-hair  has  been  a  good  deal  used. 
This  is  Kim[tly  laid  into  thf  woiind  in  the  sitnatifm  where  it 
seems  moHt  rtM|uirerl.  It  is  diminished  by  degiees,  threads 
being  taken  out  at  various  inten'als  of  time.  It  has  an  advan- 
tage over  catgut  in  draining  joints,  for  no  part  of  the  drain 
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remains  in  the  interior  of  ihf  jr»int,wlii]i_'  portions  of  catgut  do. 
Further,  it  is  not  ubKorbiililf. 

Hitt  it  ha5  the  tJnine  (iisa<l\iiiitfigo»  as  the  drainage  tuhea, 
jind  it  irt  not  readily  retainwl  in  rh«  ilee{x.'r  pu^ts  of  the  wound. 
It  is  [ireferred  by  Mr.  Lintt-r  to  the  eatgnt,  hut  there  can  be  no 
doubt  that  the  catgut,  when  u*ied  strictly  according  to  Mr. 
<'hi«-ne'R  directions,  and  of  good  quality,  is  a  very  efficient 
int^lliod  of  drainage. 

It  is  easy  in  re-introf]uee  w  hnrse-hair  drain  if  necessary  by 
proceeding  in   the  following    manner: — A   siiiiicient  quantity 


Fio.  32.— Tub  aaue  worxn  btitchbd. 

<■  i-oj  i-nl(nit  (fcpnmte'l,  lin>T*Vr  Im  cliowilut  mirtliwl  Uiort  ehwrly. 

■|  'ii  Ui  He  111  d(w  apiBJsJilfin,  fur  It   t»  llii'  liiU-rrnJ*  brtwivn  tho 

I!  -..  ,    -  lylnaiiu. 

being  taken,  the  bundle  is  bent  at  it.s  middh;  over  a  probe,  and 
tied  close  to  the  probe  by  carbolised  silk  (Fig*  33).  In  this 
way,  the  probe  being  withdniwu,  a  hlunt  crmq>ui't  end  is  obtained, 
which  may  be  intnxluoed  into  the  wound  with  ease. 

Of  late  th(»  principle  of  abtiorbubte  drains  has  been  apidied 
by  Dr.  Neuber  of  Kiel  '   in   liis   absorbable    drainage  tube«, 

'   AV»   AntiMfptitrhrr   lUiuvrrt-fUtHtl  navh  ^rmidUchvr  liltifKtiUaiiff,       Vtm 
iMntjvnlnck'B  Archir^  JUL  xxiv.  llifl   1'. 

p8 


84 


ASEVTIC  SVIiGERV 


These  ure  IuIk'S  drilled  in  long  bones,  and  then  decalcified  an4 
carlKtlisfd,  Holes  are  afterwards  cut  in  the  sides,  and  they  are 
used  like  ordinary  india-rubber  tubes.  These  tubes  are  said  to 
answer  very  well^  though  they  are  sometimes  absorbed  too  soon, 
and  sometimes  last  ttxi  long.  They  sometimes  gtt  soft  and 
eollai^se  about  the  third  or  fourth  day,  ant!  thus,  though  not 
absorbe*!,  lK*eome  useless  a*  a  drain. 

Dr.  MjK-Kwen  '  haslat^-ly  somewhat  modified  Neuber's tubes. 
He  uses -chicken-bones,  which  are  jdready  hidlow,  and  decaleities 
them.  '  The  method  of  prejmnit  inn  is  as  follows: — The  tibia? 
and  femora  are  sentped  and  steeped  iu  hydrochloric  acid  anfl 
water  (1  to  5)  until  they  are  8oft..  Their  articular  extremities 
are  then  8nii>ijed  oflf  with  a  jniir  of  scissors ;  the  cndosteum  is 


FlO.   33.— MKTHOO  of   PBBPAKINO   a  UOaSE-liAJB   DBAIM    iroK 
RE-IKTBODCCTIOX. 


raised  at  one  eu<l  and  pushed  through  to  the  other  extremity, 

along  with  its  contents.  They  are  then  re-intnMluceil  into  a 
fresh  solution  of  the  siune  strength  until  tlury  lUX*  n-aderetl  :t 
little  more  pliable  and  softer  than  whrit  is  idtimiitely  required 
(aa  they  afterwards  luinleii  a  lit  fie  by  stei^ping  in  the  earbolise*! 
solution).  When  thus  ]irepared  they  are  [ilaced  in  a  solution  of 
Ciu-bfjlic  acid  in  glycerine  1-10.  They  may  be  used  at  the  end 
of  a  fortniirht  from  the  time  of  introducliun  into  t}ie  glycerine 
solution,  iloles  nuiy  be  drilled  in  them  with  a  punch,  or  eUpjied 
out  with  scissors.'  These  tubes  are  threaded  with  horse-hftir 
before  being  introduced  into  the  (issues.  This  hair  helps  t<j 
nminliiin  the  calibre  of  the  tube  during  the  Hrst  few  days,  and 
also  itself  acts  by  capilhirity, 

■  Briti$k  Me4%cal  Journal ^  Feb.  5,  1661. 
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The  average  duration  of  MacEwen's  tubes  in  the  tissues 
was  something  over  eight  days.  If,  however,  a  tube  is  likely  to 
be  ret^uired  for  a  longer  time,  it  can  be  obtainetl  by  steeping 
the  decalcified  tubes  in  a  ehromieised  instead  of  a  cnrlxtliHcd 
solution.  These  resist  the  action  of  the  tissues  for  two  or  three 
weeks. 

The  accurate  stitching  of  the  etlges  of  the  wound  is  another 
feature  in  aseptic  surgery.  In  operating  aseptically  the  same 
care  netnl  not  be  taken  to  remove  as  little  nkm  as  possible  as 
is  necessary  in  wounds  tr^^tcd  by  other  methods  where  swelling 
and  inflammation  of  the  edges  are  expected,  (hie  may  take 
away  a  wide  sweep  of  skin,  such  as  would  seem  to  render 
hopeless  any  attemj^t  to  bring  the  edges  of  the  wound  into 
appiTsition ;  and  yet  if  the  e<iges  can  only  be  ap[K>sed,  and  if 


* 


Fiy.  34.— LSAD  BUTTONS   FOR   DEEP  BTITCHKS. 

X  Ttie  pKw^t  fonn,  flr«eHbnl  to  llic  t«tt.    B,  Form  at.  bntian  derlard  by  Dr.  Oirflrlo  Will  (sran 
[It  fecUun)     r,  Thv  iM  forni,  wtiore  the  wire  win  CMUtticd  liy  putliig  il  tienwtb  the  battoti. 

the  wound  remains  aseptic,  union  by  first  intention  may  be 
e3q>ected  along  the  whole  line. 

Button  stitches  are  employed  to  relax  the  edges  of  the 
wound,  and  thus  to  leave  the  cutaneous  margins  free  from  the 
irritation  which  must  rnx-ur  if  they  are  tightly  drawn  together. 
TheHe  consist  of  flat  pieces  of  lead  cut  of  an  oval  form  and  of 
various  sizes,  perfonit^  in  the  centre  by  a  hole  through  which 
silver  wire  is  passed,  and  i>rovided  with  two  lateral  wings  round 
which  the  wire  is  twisted  (Fig.  34).  (There  are  various  forms 
of  button  suture,  but  all  act  on  the  same  principle.)  These  are 
np]>liiMl  some  distance  on  each  side  of  the  edge  of  the  wound, 
and  connected  by  strong  silver  wire  drawn  light  enoiigh  to 
permit  the  edges  of  the  wound  to  come  pretty  easily  together. 
The  number  used  varies  according  to  the  amount  of  tension. 
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In  order  to  bring  the  eilgeH  of  the  wtniud  into  actual  oontjiot., 
two  8et^  of  stitoheii  ore  emijloyed :  silver  wire  Ktitcbe^,  uhich 
tiike  a  good  hold  of  the  tissntvs  luul  arc  pliu-ed  at  regular  inter- 
vals, termed  stitches  of  relaxation  ;  and  in  the  intervals  between 
these,  in  order  to  have  the  cutaucouu  luargin^i  accurately  applitHl 
to  each  other,  nnmerous  stitehet*  of  eoaptation,  ctmsisting  of 
earbolised  silk,  horse-hair,  or  catgut  are  inserted  *  Fig.  35), 
The  si)eedy  healing  which  oceiu-s  when  the  edges  of  the  wouud 
are  ;u:eurHtely  brought  in  contaet,  while  they  are  at  the  satnc 
tiuiCy  by   the  button   t^titchet*  aud  the  stitehetf  of  relaxation. 


Pm.  flfi.— Wound  after  behoval  of  uauma  and  aj[Illaky  olahi 

BTITOItEU. 

To  thorn  UiC  ttifW  kln^b  of  fttt<^fli-    TI>p  licttnn  rtitrlm  will  l>p  >t  amv  rvco^nUad  :  tbe  i>ii4«k 
«t]t4ilitw.  (if  vlilrTi  tlim*  uv  nriiftM-iititl,  aie  Uil*  ctitcha  of  rvIiuaUan  ;  And  iti*  ntuBinJi 

Km  t))0  ftUiCrliai  of  t-iMi[lLl»tlot1. 


freed  from  any  tension,  rewards  the  surgeon  for  the  time 
8[>cnt  in  inserting  a  large  number  of  thet^  stitches  of  conpta* 
tion. 

In  taking  out  these  stitches  it  is  best  to  folii»w  a  reverae 

order  to  that  of  insertion.  The  first  to  be  remnvf<l  are  the 
stitehefl  of  coai»tatton,  w!iile  the  stitehes  of  relaxation  are  i»i*o- 
hably  cut  on  the  Siirae  day.  Do  not  be  in  a  hurry  to  remove 
the  stitehos  where  there  was  inu<'h  tensifin  in  bringing  the 
edges  of  the  wound  together.  A  week  or  ten  days  is  time 
enough, 

Shniild  tlu'  Wound  gape,  strap|»ing  may  be  employed,  even 
undt'V  an  iintiseptie  dressing.  To  render  the  strapjjiug  aseptic, 
it  is  immersed  in  warm  earliolie  lotion  (onejtnrt  of  1-20  and  an 
equal  pari  of  boiling  water)  before  being  applied.     This  both 
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renders  it  aseptic  aud  also  take&  the  place  of  the  hot-water  caa 
for  heating  the  strapping. 

Having  proceedetl  thus  far  in  the  iiaoptic  operation  — having 
tied  the  vessels,  amiiij^ed  the  draiimge,  and  brought  tlie  edg^ea 
of  the  skin  well  together—  we  must  ni.>w  apply  a  dressing  which 
shall  ])reveat  the  occurrence  of  ]>utrefuL'tiou  till  the  ciise  ia 
again  seen. 

In  npfjlyiti^  a  dressing  we  must  in  the  first  place  he  careful 
to  make  it  as  little  irritating  as  possible  to  the  young  epithelium 
along  the  line  of  incision.  The  dressing  employed  is  the  car- 
bolic gauze  (  and,  to  prevent  the  irritation  of  the  heaUng  edge 
of  the  wound  by  the  carbolic  acid,  n  piece  of  protective  is  inter- 
posed between  the  gauze  aud  the  wound.  This  protective  is 
cut  a  little  larger  than  the  wound,  and  it  is  well  to  cover  the 
buttons  with  a  little  hit  also,  in  onK-r  to  prevent  the  threads 
of  the  gauze  from  becoming  entangled  in  them.  This  protective 
need  not  extend  over  the  orifice  of  the  drainage  tube,  as  its 
essential  object  is  to  protect  the  heaHng  part  from  the  irritation 
of  the  carbolic  acid.  Tlie  iiroteclive  is  also  of  use  in  |)reventing 
the  dressing  from  sticking  to  the  wound,  and  iu  preventing  the 
formation  of  scabs,  and  the  consequenl  jjossible  retention  of 
the  discharge, 

Au  error  which  is  frequently  made  is  to  ]mt  on  too  large  a 
piece  of  protective.  There  is  nothing  antiseptic  in  it^  substance, 
and  it  protects  the  discharge  beneath  it  from  the  iiction  of  the 
carbolic  acid.  Tlierefore  if  at  any  part  it  projects  beyond  or  cornea 
close  to  the  edge  of  the  dressing,  it  allows  the  causes  of  putre- 
fiiction  to  spread  inwards  l.>eneath  it,  and  ja-eveuts  the  carbohc 
acid  from  acting  on  this  putrefying  discharge.  It  in  therefore 
a  very  goo*l  rule,  having  covered  the  womid  with  sufficient  pr<>- 
tective,  to  look  on  this  proleet.ivoiis  a  wound,  and  to  be  as  careful 
in  having  the  gauze  dressing  overlap  il>  in  all  directions  as  if  it 
itself  were  the  wounded  surfact;.  Where  there  is  very  little 
space  for  overlapping,  as  in  inguinal  hernia,  no  protective  ought 
to  be  applied.  It  is  better  to  have  somewliat  slower  healing 
than  to  have  putrefaetiou  sprejid  into  thi^  wnund.  As  men- 
tioned before,  this  protective  is  dipped  in  carbolic  lotion  1—10 
before  being  a]>plied. 

Outside  the  protective  a  piece  of  gauze  wet  in  the  carbolic 
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lotion  1—10  U  applietl  so  as  to  overlap  the  protective  in  all 
direetiona.  The  reason  for  this  is  that  dry  gauze  Ib  apt  to 
receive  dunt  on  its  surface  before  l>eiug  U8e<l,  while  at  the 
ordinary  teinpenUiire  of  the  atmortphero  but  litile  carlxilic  acid 
is  given  off  from  the  gauze,  ceriaiuly  not  enough  to  destroy 
immediati4y  the  activity  of  the  septic  jKirticles  in  the  dust. 
Bill  if  the  piece  of  gsiiize  applied  next  to  the  protective  be 
moWenetl  ill  the  1-4U  solution,  thi»  duut  is  at  onw  deprived 
of  septic  energy,  and  we  apply  over  the  w(Hiud  a  biyer  of  pure 
and  jM)WL'rfully  antiseptic  material. 


Fio.  36.— Excision  of  tub  hip-joikt. 

Woand  Kicdteil ;  proi«ctlre  uhl  a«cp  i]pM«Ui(r  opiilicHl. 

The  piece  of  wet  gumv  and  tlie  ]irfit4?ctive  go  by  the  nami 
of  the  dtvp  dressing.  This  deep  dressing  may  in  some  cases, 
and  more  es])ecially  where  catgut  stitches  and  catgut  draiuB  arc 
used,  be  left  for  several  days  iindisturbed.  In  tliis  way  the 
wound  i«  not  irritated  by  the  application  of  carlxilic  acid  to  it 
every  time  the  dressing  is  changcxl.  If  the  deep  dressing  be 
thus  left  t>n,  it  must  lie  remembered  that  the  deep  piece  of 
gauze  loses  all  its  carhulic  acid  very  soon,  and  that  therefore 
it  uiu.st  he  treated  as  a  wound — 1.0.,  in  renewing  the  dressing 
this  deep  part  must  be  overlap]>ed  In  all  directions  by  a 
piece  of  wet  gauze,  and  that  again  liy  a  dressing  of  suitable 
size. 
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In  some  cases  it  may  be  desirable  to  fix  down  the  deep 
dressing  with  a  pitwe  of  gauze  baniluge.  If  it  be  intended  to 
Ituwe  on  this  deep  dressing  for  some  time  it  is  well,  before 
applying  it,  to  rub  the  neiglibourhood  of  the  wound  with  the 
salicylic  cream  mentioned  before.  It  sonietimeH  happens  that 
when  a  dressing  is  left  on  for  many  days  togethnr,  Ww  (li.s<*harge 
becomes  somewhat  irritating,  and  the  skiu  around  the  wound 
becomes  excoriated.  This  is  generally  entirely  prevented  by 
the  use  of  salicylic  creiim. 

Having  arrangetl  the  deep  dressing  in  a  suitable  manner, 
any  hollows  which  exist  in  the  neighbourhood  of  the  wound 
are  filled  up  with  ciirbnlic  gatue^  and  special  masses  of  this 
material  are  phieed  wliere  the  greatest  amount  of  discharge  is 
expected.  Outside  this  a  large  gauze  dressing,  made  as  before 
described,  in  applied.  The  size  of  this  dressing  varies  accord- 
ing to  the  amount  of  diseh:u-ge  expecti.'d,  but  in  all  cases  it  must 
extend  well  beyond  the  deep  dressing  in  all  directions.  8ome 
special  examples  will  be  mentioned  [a-esently. 

This  dressing  is  fixed  on  with  a  suitiibh^  bantiage.  The  gauze 
bandage  is  preferable  to  an  ordinary  bandage  under  certain 
circuuistflnces.  It  is  especially  convenient  in  bantisiging  a 
stump  next  the  skin  to  prevent  retraction  of  the  flaps,  and  also 
for  fixing  down  the  deep  dressing.  It  also  increases  the  amount 
of  antiseptic  material  outside  the  macintosh  if  there  ha] ►pens 
to  be  a  hole  in  it.  But  for  ordinary  use  In  fixing  on  dressings 
very  light  and  cheaj)  bandages  may  be  maiie  from  the  ordinary 
thin  muslin  which  is  used  as  a  guard.  They  do  not  stick  to 
the  skiu  as  the  gauze  bauduge  is  apt  to  do. 

The  dressing  is  pinned  round  Its  edge  to  the  bandage. 
Care  must  be  t^ken  not  to  put  pins  through  the  macintosh  at 
any  part  except  at  its  edge.  Pinholes  tlu'ough  the  centre  of 
the  macintosh  simply  defeat  its  object  by  permitting  the 
discharge  to  come  directly  through  the  dressing.  The  object 
of  the  macintosh  is  to  make  the  discharge  travel  through  a 
large  extent  of  the  gauze,  and  thus  the  same  result  is  obtained 
as  if  a  nmss  of  gjuize  were  ap[>licd  over  the  wound,  of  tlie  same 
thickness  as  the  distance  from  the  centre  of  the  macintosh  to 
its  edge.  If  therefore  there  be  a  pinhole  near  the  centre  of 
the  macintosh,  the  object  of  the  latter  is  seriously  interfered 
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with.  Aec«»rilin^ly,  it  is  ulwayji  the  duty  of  the  jitTson  who 
make£  the  drcsi*iug8  to  e»iuiine  thi*  rnaeiutonh  with  the  view 
of  dett'cting  any  holes  in  it. 

If  the  drtHsing  is  to  be  used  as  wxm  as  it  in  made  up,  it  is 
well  to  ftiwngr  the;  surface  of  the  uiucintoslj  with  1-20  caibolic 
lotion  before  inserting  it.  The  «ime  piece  of  uiacintoeh  may 
be  uded  for  a  whole  wise,  or  for  more  than  one— 90  long,  in  fact, 
us  it  doeb  not  become  worn  into  holes.  Two  pieces  of  macin- 
tosh are  generally  provided  for  each  ca(*e,  and  a  dressing  is 
always  nimle  immediately  after  the  case  luis  been  dresse<l,  and 
is  ready  for  application  at  any  time. 


^  '*  / 1  /M 


FlQ.   H7.— DUBesiKU    in   a   case   of   rBi>AH   AI1SC-ES8  Ol'BNKU    ABUVB 
POUPART'H   LIOAMEST. 

To  chow  th«  uraiijtenieiit  of  the  daatic  iHUHlage  Along  tUo  nkrftM  of  ih*  ilnwlny. 


It  might  happen  that,  in  the  movements  of  the  jmtient^  the 
ed/^o  of  the  dressing  might  I)ecome  separjited  from  the  skin, 
and  air  pnss  into  the  space  thus  f>rme<l.  To  ]»revent  this,  the 
(Jennaii  surgeons  as  a  ride  l^afk  in  salicylic  jute  cir  wfxtl  be- 
neath the  edge  of  the  dreflsiug.  Thia  may  serve  the  jmqKme, 
but  it  ii*  hy  nn  irii^nns  safe.  Mr.  Lister  some  time  ago  intro- 
duced the  use  of  eht'^tic  webbing,  which  is  of  various  breatltbs. 
It  is  better  not  to  be  too  bnxid.  It  is  put  moderately  on  the 
stretch,  and  surrounds  the  edge  of  the  dressing.  Its  general 
arraugi-nicut  varies  of  course  with  the  nitimtion.  It  is  not  much 
\ised  on  the  extremities,  because  the  arm  or  leg  is  generally  8o 
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fixed  by  inGiiD8  of  a^iliiitsi  that  there  is  no  chance  of  sej)ara- 
tion  of  the  dressing. 


The  operation  ami  first  drt^sjjing^  having  now  hron  com- 
plct<*d,thoiiuestioii  arises  when  tliedrci^sing  whouM  be  changed. 
It  is  4»u)y  extHMnely  rareJy  that  it  is  necessary  to  change  it  the 
saiue  evening.  The  only  cases  in  which  this  is  usually  dune 
are  large  empyeinata  or  very  large  abseosses,  and  eases  of  am- 
putation at  the  hip-joint,  where  the  discharge  of  blvHxily  seruin 
is  prufusc,  and  there  is  but  little  spate  for  overlapiiing  of  the 
dressing. 

As  a  rule,  the  dressing  ought  to  he  changed  entirely  on  the 
ft>llowing  day,  the  deep  part  as  well  as  the  superficial.  It  is 
Well  to  cimnge  the  deep  dressing  in  order  to  see  that  none  of 
the  stitches  are  too  tight,  and  that  the  drains  are  acting  pro- 
perly. After  the  first  day  the  deep  dressing  netnl  not  be 
tonehed,  unless  the  patient  is  complaining  of  uneasiness,  or 
unless  the  surgeon  wishes  to  see  the  wound  for  the  puqiose  of 
removing  stitches  or  drain.  If  it  is  not  necessary  to  disturb  it, 
it  nniy,  esi)ecially  where  there  is  an  organising  blood-clot,  be 
better  not  tx)  do  so,  for  that  would  only  b<'  to  expose  the  wound 
unnecessarily  to  the  irritation  of  the  carbolic  iicid.  If  the  deep 
dressing  is  not  changed,  great  care  must  be  taken  to  have  au 
efficient  spray  playing  over  the  part. 

In  changing  the  dressing  the  spray  is  used,  ami  also  1-40 
ciu-bolic  lotion,  in  which  a  jnece  of  loose  gauze  and  protective 
are  put  before  the  dressing  is  begim.  The  elastic  bEinth^ge 
is  first  removed,  and  then  the  patient  or  an  assistant  places 
hifl  hand  over  the  centre  of  the  dressing  while  the  bandage 
is  being  cut,  so  as  to  prevent  the  dressing  being  lifted  up 
and  air  purnpeii  in.  Then  the  surgeon,  having  purified  his 
fingers,  and  having  turned  on  the  spmy,  lifts  the  e<lge  of  the 
dressing  carefully,  taking  care  that  the  sjtray  passes  into  the 
angle  between  the  dre?»singand  the  skin  (see  Fig.  38).  Having 
removed  the  superficial  dressing,  he  again  di]>s  his  fingers, 
and  then  renmves  t!ii^  ili'eper  [larts  and  exposes  tlu'  woiuid. 

If  nothing  iswr<mg,  hi'  iuiriiitUatidy  applies  fresh  protective 
uTid  wet  gauze,  and  then  washes  the  ]>art8  round  about,  aa  far 
as  the  discharge  lias  extended,  with  1-40  carbolic  lotion.     The 
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edge  of  the  wound  is  not  washed  or  exposed  to  the  action  of 
the  spray  lunger  than  is  absolutely  neceflsary.  "it  is  well  to 
apply  the  deep  dressing  at  once,  for  in  washing  the  surround- 
ing puxt^,  one  is  apt  to  give  the  wound  a  final  touch  with  the 
rag.  Now  this  rag  may  contain  some  gross  particles  of  putrid 
material  (such  as  a  crust  of  discharge  from  the  exterior  of  the 
dressing,  fx'ces,  Otc.^,  and  thus  putrefaction  would  he  com- 
municated to  the  wound.  There  is  no  necessity  for  cleansing 
the  edges  of  the  wound.  Dirt,  so  long  a«  it  is  clean,  i.e.,  s<i 
long  as  it  does  not  contain  causes  of  putrefaction,  does  no 
harm  ;  indeed,  it  rather  aids  the  action  of  the  protective ;  while 


KiG.  38.— Method  of  cranoiko  a  psoas  au>'  i  >-  i  i  i  ssiso. 

A,  Tlttiil  of  p&tlnit  hn^dfI\^•  ilnwti  the  ilmttlng  oxer  the  wotitxi.  B  B,  Hnntli  <4  Minj«m  Itfltas 
tlic  lower  wipe  oi  tho  (livwliiff  «).  D,  T'lC  fpray  uiACLino  BO  itUwd  llutt  ilio  iptmy  iiiaii  Ui 
ItcHMth  tlic  dramiug  u  It  U  lifud, 

to  rub  it  away  is  to  imtate  and  injure  the  healing  edge— to 
pro<3uce  a  state  of  unrest.  A  frewh  dressing  is  applied  as  before 
dcHcrilied, 

Where  there  are  two  wounds  in  different  situations,  so 
placed  that  the  spray  cannot  command  both,  e:u'h  must  be 
dressetl  sepiirately,  care  being  tjiken  not  to  unwver  the  one 
till  the  other  is  at  any  rate  protected  by  a  deep  dressing.  The 
patient  or  asaistant  must  kee])  bis  hiind  on  the  dressing  over 
the  one  wound,  while  the  other  woimd  is  being  attended  to. 

The  next  dressing  takes  place  on  the  following  day  at  visit. 
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there  is  any  discharge  at  the  edge  of  the  dressing  or  if  the 
wound  feels  uneasy.  If  there  is  no  discharge  on  the  drawsheet 
and  if  the  wound  is  Free  from  pnin,  tin*  drt-ssing  is  not  changed  ; 
and  even  though  discharge  should  aj^pear  a  few  hours  hiter, 
the  dressing  is  not  changed  till  next  day  at  visit  hour.  The 
r?de  for  changing  the  drfsi^iugs  is  tlierefore :  Change  if 
discharge  is  through  at  the  visit  hour,  or  if  there  be  any  other 
reason  for  it ;  if  not,  leave  the  dressing  till  next  day  at  visit, 
and  then  follow  the  siune  rule. 

Never  leave  a  dresaiug  unchanged  longer  than  a  week.  Ky 
that  time  most  of  the  carbolic  acid  hai  passed  off  by  evapora- 
tion ;  and  (herefuro,  if  the  discharge  once  came  to  the  edge, 
putrefaction  could  spread  inwards  with  great  rapidity.  And  it 
would  not  be  necessary  for  the  discharge  t^  appear  at  the  edge 
in  order  to  have  putrefaction  of  the  wound,  for  the  sweat 
collecting  beneath  the  dresHing  ]ienuit«  the  multijtHeation  of 
septic  particles  in  it,  and  thus  they  may  reach  the  wound. 
Where  a  dressing  is  to  be  left  on  fi^r  a  week,  it  is  well  to  use 
the  salicylic  cream  in  the  way  before  described. 

Such  is  the  general  meth'xi  of  using  carbolic  dressings; 
special  moditicati(.tn3  will  be  noticed  i)rcsently.  Let  me  pass 
on  in  thi;  meantime  to  the  general  points  as  to  boracic 
dressings. 

I^t  us  suppose  that  a  patient  is  admitted  with  a  foul  ulcer 
of  the  leg  :  how  is  he  to  be  treated  ?  If  he  were  to  he  treated 
with  carbolic  dressings,  the  ulcer  would  very  pnihabiy  remain 
foul,  or  even  though  it  uUimately  became  free  from  odour,  it 
would  heal  excessively  slowly.  Hence,  Mr.  Lister  first  purifies 
the  s<ire,  and  then  dresses  it  with  horacic  acid. 

To  purify  the  wire,  chloride  of  zinc,  40  grs.  to  Ihe  ounce 
of  water,  may  be  used.  This  is  applied  thoroughly  to  the 
whole  surface  of  the  sore,  and  at  the  siurie  time  the  surrounding 
skin  is  well  purilied  by  thoroughly  washing  it  with  l-20c^ulx»Hc 
Mimi,  which  is  em[>loyed  nn  account  {>f  its  specisi!  |Kiwer  of 
penetrating  the  epidernus.  When  tliin  has  been  done,  a  piece 
of  protective,  dijtped  in  boiiu-ie  lotion  imd  slightly  larger  than 
the  sore,  is  applied  over  it,  and  outside  this  is  jjlaced  one  or 
two  layers  of  moist  or  dry  (it  does  not  much  matter  which) 
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honii'ic  lint*  of  sufficient  size  to  cover  tlir  protertive  well  in 
tii)  directions.  There  is  the  wine  objection  here  to  nltuwing 
the  protective  to  ]>rojeci  heyoml  tlie  iMlge  of  the  dresping 
as  in  the  case  of  the  carbolic  drefisings.  l*;itely,  instead  of 
n|)plying  the  chloride  of  zim*  sohition^  wlijch  catines  consider- 
able uueasincHs,  iodoform  has  l>een  powdered  over  the  vrliole 
surface  of  the  ulcer,  and  it  Iuih  been  equally  suiveftsful.  The 
cliloride  of  zinc  or  the  i<Klofonn  need  only  be  n|i]>li<*d  once; 
but  should  ]iutrefactiou  not  be  eradicated,  the  ajiplicatioD  i« 
rejieated. 

This  dressing  is  chnngwl  next  day,  but  afterwnnls,  as  a 
rule,  it  only  requires  to  be  ehange<l  every  two  or  three  days,  or 
indeed  at  longer  inter\*uls,  pro\ided  that  there  i.s  not  much 
diKcharge.  That  in  to  pay,  as  there  is  a  verj'  large  Ftore  of  the 
antiseptic  in  the  lint,  and  as  it  i»i  but  slightly  wiluUe  at  the 
temf>erature  of  the  human  l»ody,  the  discharge  may  gotl\rough 
tlie  dressing  many  limb's  without  washing  out  all  the  anti*^epti<'. 
At  the  same  time  it  is  found  a?  a  genend  rule  that  the  wound 
heals  uiost  nipidly  when  the  drcHsing  in  changed  once  in  three 
or  four  day8. 

At  the  changing  of  the  dresRing  no  epray  i*?  requirtd.  The 
bandage  (which  may  be  a  common  cotton  banchige,  if  preferr*-*! ) 
having  been  removed,  the  dressing  is  taken  "tV  and  the  wound 
well  washed  with  boracic  lotion.  Any  septic  dust  which  falls 
fm  the  wound  during  its  ex]M>sure  is  destroyed  by  giving  the 
wound  a  final  wash  with  the  loticm  before  applying  a  frcs^h  piece 
of  protective  and  boracic  lint. 

This  boracic  dressing  is  not  used  for  wounds  which  are  not 
quite  sup*'rlicial,  l)ecause  the  acid  is  not  volatile,  and  ])ecause 
it  is  but  a  feeble  antiseptic;  but  when  once  a  wound  has  be- 
come quite  superticittl,  it  will  heal  mr»re  quickly  if  treated  with 
boracic  dressing. 

In  some  cases,  more  esj^cially  where  the  sore  is  JHq)tic,  or 
where  the  patient  dresses  it  himself,  K>racic  ointment  is  prefer- 
able to  protective,  aud  where  the  sore  is  healing,  the  half- 
strength  ointment  is  the  best.  Outside  the  ointment  a  piece 
of  boracic  lint  is  ;ip]ilied  as  usual.  <lf  late,  salicylic  ointment 
has  been  used,  and  found  to  answer,  as  a  rule,  brlltr  than  the 
boracic.     It  is  less  irritating,  and  j>erniits  healing  more  readily. 
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A  eucalyptus  ointment  has  been  employed  quite  recently,  and 
has  given  excellent  results. 

When  the  efiFects  of  a  poultice  are  wanted  along  with  an 
antiseptic  effect,  the  boracic  lint  is  applied  like  water  dressing. 
A  suitable  piece  of  the  lint  moistened  in  boracic  lotion  is  ap- 
plied, and  outside  this  a  larger  piece  of  macintosh  or  gutta- 
percha, overlapping  the  lint  in  all  directions. 
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CHAPTER   V. 

ASEPTIC  SURUEKY— (rff«/inwrrf). 

Special  drcssinp:»:  Jfead  /frvuiinffs:  Xfck  drt'imnfftt :  Jtrt'ttxt  drrntinfft — Abteru 
of  mamma --K^citio II  of  mamma  ahnir  E^rririon  of  mamma  and  ajrillar^ 
gland*:  Axillary  drfim»ff$:  Dremng*  on  the  limht ;  IiTt'$*iaffs  frr  pnoas 
ah»ceMt :  Lumbar  ahtri'M  :  Hip'joint  ah»cf$* :  JPresting*  in  rants  of  kr-rnia 
and  oprraiion*  <*n  (ht  scroinni:  ExcifioiiM  of  jmiitM.  Aseptic  treatment  of 
abscesses.  Chitf  jwhiff  to  Ac  wnMdvred  in  ojifniiu/  almrme* — ^ft'thad  oj 
opfning  ah»ce$$i'»  -Jfrainage  of  ab»cfM»e»  —Aftrr-trratvifnt  of  abtteetset — 
Empyema — Perimal  and  anal  ah$cf»»fti.  Troatmenl  of  wouiuLs  produced  aocl- 
dentally  :  Problem  to  br  nolred—PnnJivation  of  in>und~  Enrthrr  trratmt'Ht 
of  the  iround.  Sijecial  wounds  :  Comjwund  frartfirm  :  Womidit  inrolrinff 
trndoiiKt  mrcf'Kj  cVc.  .•  Wound*  of  jtnnt*  :  Compound  fracture*  of  the  tlcull  : 
Penftrating  nHiuitd*oftke  thorax:  Wound*  oftheahdamrn.  Putrid  sinuiHSS 
and  wunmliii.  Truntmc-nt  of  burns.  Trualmeut  of  gangrcnu.  Troatment 
of  nicvi  and  varicose  veins. 

I  SHALL  now  describe  the  special  methcxls  of  dressing  and  other 
precimtions  requiivd  in  different  situations. 

In  operating  on  the  scalp  the  hair  must  be  shaveil  for  some 
distance  around  the  wound,  and  the  hair  iK'yttnd  ought  to  bo 
soaked  with  carbolic  lotion  1-20.  If  the  incision  be  in  the 
centre  of  the  scalp,  or,  in  otli<'r  words,  if  then;  be  a  circle  of 
hair  all  roun<l  it,  it  is  better  not  to  use  ])rot<'ctive  at  all.  The 
dressing  in  such  a  wound  is  fixed  by  tlie  ordinary  ca]>elline 
bandage.  Wiiore  the  wound  is  more  or  l<*ss  to  one  side,  the 
dressing  must  extend  downwnrds  on  the  neck,  and  it  is  then 
well  to  have  a  nan-ow  elastic  bandage  along  the  edges,  more 
especially  around  th<*  neck.  In  the  neighbourhood  i>f  the  ears, 
the  various  cavities  in  the  ear,  and  the  space  behind  it,  must 
be  filled  up  with  gauze. 

Neck  <lret<sln(fn  liave  nothing  very  uniisuid  nbout  tlu-m.  The 
dressing  must  be  fastened  round  the  neck.  It  must  be  i)re- 
vented  from  slipi»ing  down  by  a  turn   passing  alxive  the  ears 
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and  aitmndthe  forehead,  and  dso  by  two  vertical  turns  ovt^r 
the  head,  one  transverse  and  the  other  longitudinal,  these 
rarions  turns  being  pinned  together 
where  they  cross.  To  prevent  the  dress- 
ing from  slipping  up,  turns  are  ]>asHed 
under  the  axilla.  A  narrow  elastic  band- 
age must  be  applied  round  the  edge  of 
the  drepfiing  in  this  situation,  for  tlie 
movements  of  the  head  are  extremely  apt 
to  cause  an  interval  between  the  skin 
and  the  dressing  (Figs,  39  and  40). 

Breast  dressings  are  very  imiM»rtant ; 
they  are  arranged  in  three  different  ways 
awording  to  the  size  and  extent  of  the 
wound. 

No,  1 , — Where  an  abseens  of  t  he 
mamma  is  u)K*ned,  or  where  some  small 
incision,  not  interfering  with  the  form  nf 
the  organ,  is  made,  the  dressing  consists 
of  an  ordinary  gauze   dressing  c<nering  Ki«.  :^i», 

the    whole    manuna,   simie   loose   gau/.e    Tii(-rtfiirrni.ii.tnii«»tht^^fv. 

ntJ  lUnirigPTnnnt  u/  ilrra*- 
lli|t»  on  Ih*  nrrk.  Tim  »r- 
nui)irftifitl  »hown  ^«M■*' 
wunM  iirt  for  Anjr  npcr»it<tii 
Bhoilt-  Km  XTf^tm  «r  1  lir  -Uir- 
■t'iiiii-U4'l  Ik-IiJu(1  ur  lx»l(iw 
tlif  cur. 


The  edges  are  fixetl 


being  |Micked  in  in  front  and  behind. 
This  is  fixed  by  turns  of  Iwiudage  passing 
round  the  body  alternately  above  and 
below  the  organ,  with  straps  over  the 
shoulder.  The  lu-ni  is  placed  in  a  »ling. 
by  elastic  bandage  ( Fig.  41 ). 

No.  2. — Where  the  mamma  has  l»een  remove*]  anfl  the  dis- 
charge has  b(*comc  much  (iiiniTiishr-d  in  amount,  there  mav 
remain  enough  of  room  between  the  wound  and  (he  nxilla  for 
overlapping  of  the  dressing.  In  order  to  fix  the  dressing  and 
keep  it  well  up  in  the  armpit,  it  is  split  verlicjilly  at  the 
axilla,  folded  over,  and  jiinned  on  the  top  of  the  nhoulder.  It 
is  then  bandiiged  set^m-ely,  and  an  elaMtic  Uuidagc  applied 
around  the  edges  (Fig.  42). 

No.  3. — Where  the  mamma  and  ajtillary  glands  have  l>ecn 
removed,  or  for  the  first  few  days  after  excision  of  the  mamma 
alone,  this  arrangement  is  not  enough,  for  it  does  not  leave 
sufficient  room  for  overlapping.     The  arm  must  therefore  be 
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included  in   the  dressing.      This  is  accomplished  most   con- 
veniently in  the  following  manner: — A  large  dressing  is  applied 


Fig.  40,— To  show  the  arranugment  op  the  rrnNs  or  bandars 

THE    !(EA[>  SEKN    PROM    ABOVE. 

l>oBteriorly,  reaching  behind  as  far  back  as   the  middle  line, 
and  folding  over  the  arm  so  as  to  touch  the  thorax  in  fn>nt. 


FlO.  41.— TlRERRiK«J  APrbir.n  in  a 

CASK  OP   AllBCKftH  UP  THE  MAM- 
MA  (BREAST   DRERSINQ    NO.    1). 

The  position  of  Hip  .ImlniiKc  toibe  ta  Inrtiwitorl 
1)}  iluttu<l  Hue*. 


KlU.  i2.— ItRKAflT   DRESBIX& 
NO.   2. 


the  arm   being   applied  to  the  side.     This  dressing  must  be 
broader   than    the  leiigtli  (^f  tin*  upper  unii    fnmi   the  top    of 


BSEAST  DRESSINGS. 


the  shoulder  to  the  tip  of  the  elbow,  the  overlapping  porta 
being  caught  by  the  turns  of  bamiage  jKi-ssing  over  the 
shoulder  and  round  the  InHly  respeetively.  To  prevent  the 
internal  condyle  frt^in  suffering  from  the  pressure,  a  large 
masfi  of  gauze  is  applied  behind  the  nrrUj  extending  downwards 
almost  to  the  eoudyhnd  region,  but  not  reaching  (juite  so  far, 
A  mass  of  gauze  is  packed  in  between  the  arm  and  the  side, 
and  in  front  filling  ti[>  the  ungle  between  the  nrm  and  the 
thorax  (Fig.  43).  A  siimller  auterinr  dressing  is  then  applied, 
iian-ower  than  the  jMJsterior,  reaching  as  far  forwards  aa  the 
middle  line  or  beyond  it,  and  outwards  to  the  Ufjjjer  arm,  the 
edge  of  the  anterior  dressing  piissing  beneath  the   edge  of  the 


^*<^. 


'^"t^iifip^ 


Fio.  43.— Cask  of  kxcisiok  op  thb  mamma. 

BftOk  tfnatliif  lylnf  iradjr  for  apptleafeton  ;  nhAwini;  t\tt>  the  deep  droMtng  kwI  jcutiting'  In 
the  uUla  BOd  belilittl  the  ann. 

posterior,  Tlius  tlie  nide  of  the  (latient  is  com|>!etely  encased 
in  a  gauze  dressing.  This  is  very  easily  bandaged  on.  One 
turn  of  bandage  jwsses  round  the  body  outside  the  arm  (Fig. 
44,  1  );  the  second  also  fwisses  round  the  body,  but  below  the 
elbow  (2),  thus  catching  the  portion  of  the  dressing  overhang- 
ing the  elbow  and  also  the  lower  edge  of  the  fnmt  dressing; 
the  next  iNisses  round  the  body  and  over  the  top  of  the 
shoulder  on  the  side  operated  on,  thus  catching  the  portion 
of  the  dressing  proji-rting  iihove  the  shoulder  (3);  the  l>andage 
then  passes  down  behind  but  parallel  to  the  arm,  turns  round 
below  the  elbow,  runs  obliquely  u|>wiirds  in  front  to  the  top  of 
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the  opposite  shoulder  (4),  then  obliquely  back  a^in  behind  the^ 
body  (thus  fixing  the  npjwr  nnglea  of  the  dressing  in 
and  behind)  to  (he  middle  of  the  arm,  over  which  it  |iassefl' 
obliquely  downwards  (5),  to  go  under  the  wrist  and  end  at  Ihc 
top  of  the  shoulder  (6) — in  this  way  oom]>leting  the  Hxing  of 
the  dressing  to  the  ju-m,  and  at  the  same  time  iicting"  as  a  sling 
for  the  hand.  A  l)Jindage  six  yanl?*  long  genenilly  does  this 
exactly. 

Pins  are  now  inserled  at  all  the  neeessjiry  points,  mor«  es- 
pecially where  the  Kandage  |>asses  over  the  shoulder  and  under 
the  elbow.  The  arm  and  dressing  are  then  fixed  securely  to 
the  side  by  a  binder  of  calico,  brooder  than  the  length  of  the 


Kio.  44— Dressings  applied  A^TKU  kxcision  in 
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The  Uirtui  nf  huul«fQ  u-r  numl><rrc«l,  iui4  mtowh  mv  (dAootl  vu  ttietn  to  tbvw  the  (UreeUon 
wliioh  Ihey  nir. 


upper  arm,  jiassing  round  the  body,  below  the  axilla  of  th< 
other  side,  and  jnirsed  up  and  pinneil  above  the  shoulder,  an4 
helow  tJio  rlhow  of  the  inelnde<l  arm,  Tlius  i>erfect  reat 
jirocurpd,  anrl  no  elastic  bandage  is  required. 

When   the  axillary  incision  is  soundly  cicatrised,  and  th< 
disc'hnige  has  bt-comc  small  in  amount,  th»*  axillary  dressing  or' 
the  breast   dressing    No.    2   may   be   applied,  the  arm    being! 
simply  supported  in  a  sling. 

An  nxUhirif  dressing  must-  be  applied  partly  to  the  chest' 
and  partly  to  the  upper  arm,  and  made  t4)  fttld  )>ver  the  top  of 
the  shoulder.     If  requires  an  elastic  bandage  (Fig.  46). 

Elastic  bandage  is  not  as  a  rule  rer|uired  fi'r  dreMtthtge  w|., 


me  extreviities^  because  tlie  liuib  oponitod  on  is  generally 
placed  on  a  splint  for  a  few  day^,  in  order  to  procure  absolute 
rest  till  liL'uling  by  tirnt  intention  i.s  complete.  Thus  the 
movements  which  it  is  the  function  of  the  elastic  baud  to 
neutrulide  are  avoided,  and  the  constriction  of  the  elastic  is 
also  avoided.  With  regard  to  this  constriction,  however,  the 
elastic  need  never  be  applied  so  tight  as  to  produce  oedema ; 
indeed,  I  have  more  than  once  seen  ceden^a  which  was  present 
before  an  uperatiou  subside  afterwards,  even  alihough  an  ekstic 
bandage  was  used.  Where  the  {jatieut  is  allowed  to  move  the 
extremity— as,  for  instance,  when  he  is  allowed  to  walk  after  a 
small  t>peration  on  the  lower  extremity — an  elastic  bandage  is 


FlO.    4r»,— Hinder   applied  OITTSIDETHB    DUEi«*ING    HEPHEfiKSTED   IN 
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absolutely  necessary.  In  the  case  of  the  lower  extremity,  the 
padding  at  the  upper  part  of  the  splint  should  be  covered  with 
macintosh,  and  the  foot  of  the  bed  shuuld  be  supported  on 
blocks.  In  tliis  way  all  the  discharge  Hows  upwards,  and  as  it 
cannot  soak  into  the  padding  of  the  splint,  it  is  shed  on  the 
draw-sheet  soon  after  it  has  reached  the  edge  of  the  dressing, 
and  thus  one  can  ascertain  accurately  whether  or  not  it  is 
necessary  to  change  the  dressings. 

The  dressing  required  for  psoaa  abscem  opened  above  Pou- 
partV  ligament  is  one  of  the  most  important  dressings,  as  well 
as  one  of  the  simplest  illustrations  of  the  method  of  applying 
the  elastic  bandage.  1  may  say  here  with  regard  to  tliismethiid 
of  opening  ])Soas  abscess  above  Poujiart's  ligament  that  there 
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are  two  reason^  for  choosing  this  sitiiati<m.  In  tlie  firnt  place, 
the  old  rule  (hat  these  abscesses  must  not  be  ojH'ned  early  is 
now  done  away  with,  and  under  truly  aseptic  treatment,  an 
soon  as  fluet nation  in  detected,  an  operation  is  j>erfonned  of  n 
Fimilar  nature  to  that  for  tying  the  external  iliac  artery,  ami 
the  abscess  is  oj^ne<l  after  a  cjireful  dissection.  The  sooner  the 
abscess  is  oi>ened  the  better,  for  the  abscess  cavity  is  thus 
smaller  than  if  the  siirgeon  wait?  till  the  pus  has  burrowed  its 
way  into  the  thigh ;  and,  further,  so  long  as  the  pus  is  there 
it  irritates  by  its  tension,  and  thus  keeps  up  the  chronic  in- 


FlG.   46.— DEESSINO   15   CASKS  OP   OPXBATION   ON   THE   AXILLA   ALOKK. 

In  tliU  CMC  ui  AtMDCM  luu  bc^ii  opeiwd  tivl  ttie  potltloa  of  tlte  dnUnatff  tube  is  iniUcfttsl  by 
diAted  Un».    Tlie  edKc  of  t)ic  dnaiUiff  luu  ftlw  been  donedin. 

flninmaliiin  in  the  spine.  This,  then,  is  one  reason  why  the* 
opening  leading  into  these  abscesses  is  geiienilly  alxtve  Pou- 
part's  ligament.  Another  is,  that  even  8uj>iM>sing  the  abscess 
to  be  [njiiif iuu;  in  the  thigh,  it  mi^ht  to  \w  4)]jenetl  at)  far  as 
l>ossible  from  sources  of  putrefaclionj  and  the  most  convenient 
2>lace  in  this  respect,  as  well  as  the  beat  for  the  attnichment  ol 
a  dressing,  is  the  neighbourhood  of  the  anterior  superior  spine. 
I  shall  hereafter  discuHs  the  reasons  why  it  is  thought  best  bj 
some   surgeons,  more  especially  by  Mr.  Cliiene,   to  try  to  g< 


DJi^ssiyos  Fon  mo  ah  amj  lumbau  abucessj^s,  loa 

at  tliciie  abscesses  from  behind  either  by  perforatiug  the  ala  of 
the  innoiuinat^  bone  or  by  getting  at  the  pus  above  the  crest 
of  the  ilium.  Such  a  method  has  advantages  both  by  pro- 
viding a  dependent  opening,  and  also  by  leaving  a  shorter 
ehannel  between  the  seat  of  the  disease  and  the  cutaneous 
surface. 

The  dressing  a]«iilied  when  the  opening  is  in  the  neighbour- 
hood of  the  anterior  superior  s^iiue  extendn  from  the  middle  line 
ill  front  to  the  middle  hue  behind.  It  reaches  as  high  up  as  the 
lower  border  of  the  ribs  and  a.s  low  as  about  three  inches 
below  Poupart\s  Ligament.     Sitecial  masst^s  of  gauze  are  placed 
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TlM  poaltloii  of  Ibe  draluayv  tube  ia  IndlcotMl  by  dottcU  Ua*». 


in  the  neighbourhood  of  the  pubin,  which  is  also  shaved  on 
that  side.  The  dressing  is  fai^itened  on  by  a  spica  bandage  with 
circular  turns  around  the  thigh  and  abdomen.  The  elastic 
bandage  is  applied  accurately  to  the  edge.  It  begins,  say, 
at  the  upper  and  anterior  angle  of  the  dressing,  runs  vertically 
downwards  along  the  anterior  edge;  then,  imnsing  back  round 
the  inner  side  of  the  thigh,  it  eueireles  the  thigh,  thus  fixing 
the  lower  border ;  then  it  runs  vertically  upwards  behiwd  till  it 
reaches  the  upper  i>08terior  angle  ;  then,  being  held  there,  it  is 
carried  round  the  abdomen.  The  two  ends  of  the  two  vertical 
pieces  are  fastened  to  the  circular  piece  by  pins,  and  pins  are 
also  applied  at  all  tlie  angles  and  along  the  edge  where  neces- 
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aary.    In  aome  defornied  persons  shoulder  straps  are  necessary 
to  prevent  the  dret^siug  from  slipping  down  (Figs.  47  and  48). 


"V.,  (Cm  

jj     *  -'i iinriinrrrnmiv,    "■un  mr-'-- 

Vjrt,  48.— PgriAs  absok-w  dreasinu  (Piq.  47).  been  fbom  behind. 

Ill  lumhttr  abacefffi  strups  must  jmss  over  the  shoulders  to 
prevent  the  dressing  fruin  slipping  down,  and  between  the 
ihiglm  to  prevent  it  from  slipping  up  {Vig.  49). 


Km.   4!).  — DRKHSING   TX    a    case   ok  lumbar  ABBCBSS,  seen  KBOM    BBHIl 

TliP  poaltliiu  uf  till'  •Imlnafffl  tnlv  In  Iniliratrd  hy  ilollnl  Uni« :  thu  TMikMl  dotted  UiiM  at  I 
jiiiJdlo  of  the  back  Uidimte  the  edge  of  Uw  dmdng. 

In  abscess  of  the  hip-joini  the  arrangement  of  the  dressings 
i»  much  the  siuue  as  in  psoas  abscesses,  except  that  they  {mss 
lower  down  and  not  quite   so  high   ujt.     As  n  long  sjdint  is 
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generaUy  in  use,  an  elastic  bandage  ia  unnecessary,  unless  in 
children  (Fig.  60). 

Where  abscesses  are  opeiietl  near  the  toi>  of  the  thigh  on 
the  inner  side,  and  are  thus  pretty  near  sources  of  putrefaction, 
large  masses  of  gauze  must  be  applied  between  the  orifice  and 
the  i>erineuin,  and  an  elastic  bandage  carefully  fastened  along 
the  upjter  edge. 

lu  aperations  for  horn iu,  varicocele^  and  oii  the  ao'otum^ 
in  the  male,  there  is  oue  form  of  dressing  which  is  generally 
applicable.  In  the  first  place,  no  protective  is  used,  on  account 
of  the  immediate  vicinity  of  i*oiu*ces  of  putrefaction,  as  has  been 
previously  exi)lained.    The  gaiue  applied  to  the  wound,  instead 


FlO.  5U.  — Dlt£8SINa   IN    A  CASE  OP   HIP-JOIST   ABBCKSH,    WITU   KLA9T1C 

ArPLlED. 

Tfa«  dotted  part  tliowi  ttie  poslUon  of  ilie  wound. 

of  being  merely  wet  with  carbolic  lotion,  ia  steeped  in  1-5  or 
in  1-10  solution  of  carbolic  acid  in  glycerine,  and  this  is 
wrapiied  around  the  penis  and  over  the  scrotum.  This  guuze 
sticks  to  the  skin  and  does  not  become  detached  with  the 
movements  of  the  Inxly,  while  it  i.s  more  [)owerfuHy  antiseptic 
than  the  ordinary  carbolic  gauze.  Then  a  mass  of  gaiue  is 
rolled  into  a  ball,  and  this  is  suspended  in  the  centre  of  a  long 
strip  of  gaiue.  The  ball  is  placed  in  the  j>erineum  behind 
the  scrotum,  and  the  strip  of  gauze  jiasses  uj»  in  each  groin. 
This  strip  retains  the  pad  in  position  (Fig.  61).  The  pad 
serves  the  doable  puqwse  of  sujiporting  the  scrotum  and  re- 
ceiving the  discharge,  which  passes  chiefly  downwards.     The 
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hollows  having  been   fuled   up   with  loosu  gauze,  thtf  geueral 
dressing  is  applied.     A  bole  is  cut  in  this  drer^Jiing  towiurds  the 


Fm.   51.  — bKKt'EU    I'ABT   OF   TU£   IIEUKIA   AND  8CB0TAL    UUKBtllSGS. 

X.«ft  side  of  MJTDtaiu  oarered  with  k>iuw  soaked  in  o»rbolUal  clyeeriu*.    Uam  at  fuam  U  Ihv 
pcrtneuDi  euoloMd  In  «  roll  of 


up])er  border,  and  the  penis  is  jKissed  through  this  hoh%  and 
Ihiis  Itelps  to  keep   the    dressing   in   jKwition.     The    dressing 


Fig.  62.— Dbbsbing   in   a  cask  op  opebatiok  por  hernia,  or  or  tub 

SCBOTUM    ON     THK    LEFT  HtUUi    BHOWl^U    THE    ABBAKGSXfiNT   OP    THE 
DRK8HING    AND   ELASTIC   BANOAOK. 

passes  over  the  scrotum  and  over  the  perineal  fjad,  and  is  Bxod 
bv  a    double    spica  bandage  (Fig.  52).     The   i^ad  lu  the  peri- 


£Xcisioys  OF  joiyTS, 
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rpurn  is  fixtMl  there  by  a  St.  Andrew's  cross.  The  elastic  band- 
age is  applied  in  the  form  of  a  St,  Andrew's  cross  in  the  i>eri- 
neum,  and  of  a  double  spica  (Fifj  53).  The  bandages,  dress- 
ing, and  perineal  pad  are  carefully  pinned  together  in  the 
l)erineum. 

The  methods  of  managing  exciaioiis  ofjointSj  operations  for 
iinunil<>d  fractures,  &c,,  in  the  lower  extremities,  are  very  im- 
j>ortant.  Here  i»erfect  rest  must  be  combined  as  far  as  possible 
with  the  aseptic  treatment.     P'or  two   or  three  days  after  an 


Fro.  hH. — T)SlCS8ISO  in  UBKNIA  CASBS  oh  in  OPEaATIONH  ON  THE  SCHOTl'M, 
SHOWING  THE  ARRANGEMENT  01*  THE  BANDA0E3  IN  THE  FBTtlNEUM. 
(SEEN    FROM    BELOW). 


Operation  it  is  better  to  change  the  dressing,  which  is  the 
ordinary  gauze  dressing  ai>plied  round  the  limb,  simply  by  lift- 
ing the  limb,  because  there  is  generally  a  large  amount  of 
bloody  and  serous  oozing  at  first.  After  a  few  days  this 
oozing  has  l)ecome  much  diminished  in  amount,  and  the 
dressing  is  then  acc^uupHwhed  in  the  following  manner: — A 
Gooch'a  splint  is  padded  alxjve  and  below  the  situation  of  the 
wound,  the  fxirt  ujijioi^ite  the  wound  being  left  un|>added.  The 
whole  splint  and  padding  is  covered  with  a  piece  of  mncint'Osh 
cloth,  and  is  firmly  fixed  to  the  jwsterior  aspect  of  the  limb 
above  and  below  the  situation  of  the  wound.  Behind  the 
wound,  at  the  part    where   thw   padding  is    deficient,  masses 
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of  gaoxe  of  sufficient  thickness  are  arranged  transversely  and 
6ui>erticial  to  the  macintosh.  These  pieces  are  three  or  four 
or  more  in  number,  and  thej  act  as  padding  for  the  splint, 
and  at  the  same  time  as  an  antiseptic  dressing  (^ig*  ^^)- 
When  the  dressing  is  changed,  a  piece  of  gauze  is  pinned  to  each 


Fio.  64.— Splint  Koa  kxcisiun  ur  kn 
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Tbe»plU>t  b  (W(lfl«d  «t  tho  npper  abiI  low  parta,  and  Iha  ipUnt  u»i  [arMiaff  mrt  oortnd  with 
*  ptaoe  of  Dindutiwli  cloth.  T)ie  «|MaB  oppMibe  Uie  knaa  b  filled  wlili  miiMM  of  gmoaB 
vmngtA  trmtuiraaely  uid  suiierfioUl  to  kb*  MMtototh. 

of  the  old  pieces,  and  then  the  old  piece  l>eing  pulled  out  the 
new  is  pulled  in,  and  thus  the  limb  is  never  left  without 
aup]^)ort  (F*ig.  55).  Over  the  front  of  the  limb  an  ordimiry 
gauze  dressing  of  suitable  size  is  applied. 


Fio.  S5.— Splint  applied  is  A  cask  ur  i 

TliU  allows  tlie  methotl  of  cluiDfrUii;  thedroMlng.  Id  Um  flrit  way  dotciitMd  anuior  Kaosa 
woutil  Iw  i>liuieil  on  to  tho  flud  of  ttie  old  ptsoi  oo  tbe  other  ilde  of  th«  Unl\  to  (hat  a«  U»a 
old  iiJR.'u  i*  ijuIIlhI  out  tho  Dew  U  puUod  In,  or  it  may  be  uraugi^  lii  the  aeootul  manner  Jo* 
Hrrilt^l,  Hill  Mlidwn  in  Fig.  M— vift.,  a  place  onlj  exteodii  to  the  mMdla  Una  beblud,  aad  ad 
eoaii  lu  eacl]  is  piUli'd  out  a  fzwli  plaoo  1b  piuiti«d  In. 

Another  more  convenient  way  in  which  this  may  be 
managed  with  even  less  movement  is  to  have  each  of  the 
masacfi  of  gauze  mentioned  in  the  former  paragrajih  divided  in 
the  middle  liue,  and  thus  the  half  of  ejich  ma.ss  is  pulled  out 
at  a  time  and  a  new  piece  substituted  (Fig.  54). 
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Another  way  is  to  apply  u  wire  splint  next  the  skin,  fix  it 
there,  and  then  a-pply  the  dressings  outside. 

When  the  disfharge  beeotnes  Htill  less  the  limb  may  be  put 
up  in  plaster  of  Paris,  a  window  being  left  fnr  dressing. 

Excision  of  joints  is  now,  however,  rarely  performed,  for 
with  aseptic  treatment  an  incision  into  a  joint  and  the  insertion 
of  a  drainage  tube  is  generally  sufficient  in  cases  where  formerly 
excision  or  even  amjmtatinn  would  have  l>een  required.  Several 
iidvantiiges  are  thus  g;iiue{|, among  (he  most  pnuninent of  these 
being  absence  of  shortening  of  the  limb  (and  this  is  most  im- 
jwrtantin  children ),and  often  a  certain  an<ieven  a  considerable 
amount  of  motion  in  the  joint  afterwards. 

It  may  be  mentioned  here  that  Mr.  Knowsley  Tliornton  in 
ovariotmni/  cases  does  not  fipjdy  aKindage  round  the  ablomen. 
Ho  fastens  the  dressing  with  adher^ive  plaster,  and  does  not 
change  it  for  a  week,  by  which  time  healing  is  genenilly 
complete,  except  where  the  stitches  are. 


Such  are  the  chief  points  as  to  the  application  of  antiseptic 
dressings  in  dirt'erent  situations,  I  must  now  say  a  few  words 
ns  to  the  aseptic  treatment  of  abscesses. 

I  have  already  referred  to  the  question  of  the  necessity  for 
a  de|>endent  opening,  and  I  pointed  out  that,  as  the  discharge 
from  an  abscess  treated  aseptically  is  not  irritating,  because  not 
putrid,  it  d«'>es  little  harm  et'en  though  left  to  well  out,  instead 
of  being  j»ermitted  to  flow  out  through  a  de|jendent  ojiening. 
In  fact,  aseptic  surgery  has  altered  the  relative  imjiortance  of 
the  questions  to  be  considered  in  selecting  a  situation  for  open- 
ing an  abscess;  and  now  (he  chief  point  to  be  looked  at  is  not 
whether  the  orifice  of  the  hdxr  is  in  the  most  de[>endent position 
possible,  but  whether  it  ia  at  the  j>oint  fiu^hest  removed  from 
sources  of  ]mtrefaction — l.f..  whether  there  is  the  greatest  pos- 
sible s[»ace  for  the  overlapping  i>f  the  antiseptic  dressings. 

Indeed,  in  some  abscesses  pointing  near  such  canals  as  the 
pharynx,  anus,  vtc  it  is  better  to  make  an  ojtening  in  ht^lthv 
structures  at  some  ilistance  from  the  abscess,  and  burrow  a 
channel  into  it,  than  to  make  an  incision  directly  into  the 
absce.ss  cavity. 

I  caw  a  striking  example  of  this  in  Edinburgh  several  ycani 
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ago,  A  boy  wa«  admitted  into  the  infirmary  with  retropha- 
ryngeal abscess  connetted  with  occipito-atloidoan  disease.  The 
abscess  was  on  the  point  of  burtsting  into  the  pharynx.  Mr. 
John  t.'hit^ne,  who  had  charge  of  the  caw,  instead  of  opening 
the  abscess  at  the  only  [ilace  where  it  was  |>ointing,  viz.,  in  the 
pharynx,  cut  down  behind  thestemo-mnstoid,  and  burrowed  into 
the  abseess  cavity  from  behind.  Tlie  abscess  ftillowrd  a  typical 
2iseptic  course,  und  the  i^atient  recovered  completely,  Thu8 
then  the  great  niU'  in  scUvting  a  situation  for  o]»ening  abscesses 
is  to  make  the  inciHion  as  far  as  iH>8sible  from  sources  of 
putrefaction. 

When  opened,  instead  of  dealing  tenderly  with  the  pyogenic 
membnine  as  was  fnrnierly  done  imder  the  impresmon  that  it 
was  a  hurtful  thing  to  injure  it^  we  now  empty  the  cavity 
thoroughly,  es|iofiiilly  in  the  case  of  chronic  abscesses,  in  order 
to  get  out  all  curdy  masses  of  pus,  etc.,  which  may  have  gravi- 
tated to  the  bottom  of  the  abscess.  When  this  is  done  opjwr- 
tunity  is  given  for  the  rapid  Jidhrsion  of  the  greater  part  of  the 
wall  of  the  abscess  cavity,  and  thus  in  a  very  short  time  there 
is  merely  a  sinus  left  leading  down  to  the  seat  of  disease. 

There  is  no  necessity  fiir  wasliing  <nit  the  cavity  of  an 
abscess,  as  is  done  in  no  niajiy  iniarters.  To  do  so  is  simply  to 
irritate  the  pyogenic  membrane  unnecessarily  without  securing 
any  corresponding  benefit.  ludL^ed,  it  rniglit  give  rise  to  such 
an  amotmt  of  oozing  from  the  wall  of  the  abscess  as  would  wash 
out  all  the  carbolic  acid  from  the  dressings  in  a  very  short 
time,  and  thus  lead  U\  the  imtrefaetion  of  tht*  discharge.  The 
treatment  hy  hy|*erdistension,  while  erroneous  in  theory,  is 
very  dangerous  in  pnictice,  as  the  fluid  may  be  forced  into  the 
cellular  tissue^  and  lead  tu  dit^usc  inHariiniatioii  and  even 
gangrene,  or  to  carbolic  acid  poisoning  and  death. 

The  greatcHt  care  must  he  taken  in  the  drainage  of  abscesses. 
In  the  case  of  a  hirge  pstnis  jdjscess  tlie  stirgcon  shuuld  intro- 
duce the  largest  sized  drainage  tube  in  the  tirst  in^tanee.  Tliis 
tube  may  be  changed  for  a  smaller  in  a  few  days.  It  ought  not 
to  hi".  reuKivod  for  the  tirst  tin»e  till  at  least  three  days  have 
elapseii  since  the  abscess  was  opened,  otherwise  there  may  be 
great  difficulty  in  replacing  it.  It  shoidd  not  he  shortened  till 
it  is  found  to  be  absolutely  im^Mj^sible  to  get  it  in  fully-   When- 
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pver  this  is  iho  ciise  a  piece  must  be  cut  off  from  the  end. 
(Here  I  speiik  of  chronic  abscesses,  an  acute  abscess  heals  in  a 
week  or  ten  days.)  In  some  cases,  where  the  same  tube  is 
left  in  for  a  week  (where  the  case  is  only  dresse^d  once  a  week), 
some  difficulty  will  he  found  in  withdrawing  it,  owing  to  the 
granulatirms  having  grown  in  at  the  holes  and  holding  it  in 
position.  In  this  instance  the  guide  a«  to  shortening  is  lost, 
iH^canse  the  tube  cannot  he  pushed  out;  and  therefore  it  will 
he  fuimd  heat  in  old  cases  to  use  a  tube  having  holes  only 
close  to  its  inner  end.  This  cannot  be  held,  and  is  gradiudly 
pushed  out  as  the  sinus  heals  from  the  bottom.  If  on  removal 
of  a  tube  the  discharge  is  found  to  increase  in  quantity,  the 
tube  must  be  reintrodiiced. 

As  the  incision  into  the  abscess  is  merely  large  enough  to 
admit  the  tube,  there  woidd  he  no  reason  for  using  protective; 
and  therefore  the  wet  gauze  is  a]i]jlted  directly  over  the  orifice 
of  the  tube.  A  tube  is  the  only  form  of  drain  suitable  in 
these  cases, 

The  precautions  required  in  order  toensurean  aseptic  result 
are  precisely  the  same  as  in  the  case  of  wounds. 

In  changing  the  dressings  the  same  rules  are  followed  as 
vere  formerly  described  with  regard  to  incised  wounds.  Chronic 
abscesses,  mure  especially  abscesses  connected  with  diseased 
hones,  are  extremely  tedious  ;  but  nevertheless,  as  a  rule  they 
ultimately  recover.  The  same  eare  must,  however,  be  taken 
from  first  to  last.  It  is  never  safe  to  change  the  carbolic 
dressing  for  a  boracic  one,  however  sui>erficial  the  wound  ap- 
l>ears  to  be.  In  the  case  of  spinal  abscesses  absolute  rest  in 
the  recund)ent  ]>osture  must  l:>e  niaintaine*!  till  heiding  is  com- 
plete ;  and  as  the  cases  generally  extend  over  many  months  it 
is  well  to  warn  patient  and  friends  before  commencing  to  trejit 
the  case.  Whether  the  nde  as  to  the  maintenance  of  the 
reeumbent  jmstnre  may  not  be  uiodifieti  by  the  use  of  Sayre's 
jacket,  or  even  without  it,  is  now  a  question.  Lately  in  two 
i-uses  which  had  been  under  treatment  for  a  long  time,  and  in 
which  all  uneasiness  in  the  spine  liad  jmssed  off,  Mr.  Lister 
allowed  the  |>atients  to  get  uji  before  healing  was  C4)iii]»lete, 
and  without  any  bad  results. 

Km]>yema  does  particularly  well  under  this  dressing.     1 
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mention  it,  in  order  to  state  that  a  metallic  drainage  tube  with 
a  shield  like  a  tracheotomy  tube,  and  witli  lateral  holes,  is  the 
best  because  the  india-rubber  tube  may  pet  compressed  between 
the  ribs  or  be  too  abrujitly  bent  where  it  jiaxRes  into  the  interior 
of  the  pleiUTil  cavity. 

There  are  some  casen  in  which  neither  the  gauze  drepsing 
nor  the  b*.»racic  can  be  employed,  but  which  may  nevertheless 
be  treated  aseptically.  I  refer  especially  to  abscess  in  the 
jwrineum  or  by  the  side  of  the  anus. 

Abscess  in  the  perineum  may  be  treated  aseptically  with 
very  satisfactory  results.  The  abscess  is  opened  under  the 
spray,  and  a  piece  of  lint  dipi>ed  in  1-5  carbolic  oil  or  1-10 
carbolic  glycerine  is  introduced  into  the  cavity  to  act  as  a  drain. 
Outside  this  two  or  three  layers  of  lint  soaked  in  1-5  carbolio 
oil  or  I-IO  carbolic  glycerine  are  applied,  and  fixed  with  a  T 
bandage.  Should  this  become  displaced  or  wet  with  urine,  &c^ 
the  iHitient  pours  a  little  carbolic  oil  or  glycerine  over  the 
wound  and  over  tlu*  lint,  and  replaces  the  dressing-  No  spray 
is  required  in  rhiuiging  the  dreysings.  On  the  third  day  a 
piece  of  lint  dipped  in  carh<*lio  oil  is  laid  over  the  wound,  and 
a  pair  oFotled  ff)rcepsis  sh"[>ped  under  thi*  lint  to  soi?:c  and  with- 
draw the  plug;  or  the  jilug  may  simply  l:)e  pulled  out  imder 
the  spray.  Carbolic  oil  or  glycerine  1-10  is  then  used  for 
dresfdng,  and  when  the  wound  has  become  eu[)erficial  boracicor 
salicylic  ointment  is  emplf>ved. 

The  same  method  of  dressing  is  employed  in  abscessen 
beside  the  anus.  In  this  case,  when  the  jwitient  deficeates,  he 
holtls  iihide  the  dressing,  defalcates  i>ast  it,  wipes  the  parts  with 
1-20  carbolic  lotion  and  then  with  I-IO  carbolic  oil.  He  then 
soaks  the  dressing  with  the  oil^  nr  apjflies  a  new  dressing. 
(The  glycerine  and  carbolic  acid  may  also  be  used.)  Thereiiult 
of  this  method  of  treating  these  abscesses  is  often  excellent, 
fistula  in  anf>  being  apparently  often  avoided  when  the  abscess 
is  taken  in  time. 


So  much  for  wounds  made  by  the  surgcfin  and  their  Treat- 
ment. I  now  come  to  tlic  considerution  of  wotui<L*t  produced 
accifl^ntallff.  Here  the  problem  is  different  from  and  much 
more  dithcult   thjiu  the  former.     In  the  cases  we  have  just 
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been  cDiiKideriiigwe  had  merely  to  keep  out  the  se[)tic  [Kirtirles; 
in  the  present  instance  these  partieles  have  ulready  gained 
admission,  and  therefore  we  have  not  only  to  prevent  the 
entrance  of  more  but  also  to  destroy  those  already  present. 

ITiis  is  done  by  washing  out  the  wound  with  1-20  carl>o1ic 
lotion,  provided  it  be  reeent,  't.«.,  made  within  twenty-four 
hours,  and  thi-n  treaiing  it  like  a  wound  mad(.*  by  a  surgeon. 

Tliis  wasliing  out  of  the  wound  must  be  done  very 
thonnigbly.  It  is  best  carried  out  by  using  a  syringe  with  a 
catheter  at.taehed  to  it.  The  point  of  the  catheter  is  intro- 
duced into  all  \\\\i  recesses  of  the  wound  and  the  1-20  lotion  is 
injected  through  it,  and  thus  «*mes  thoroughly  in  contnct  with 
all  {tarts.  Then*  must  be  no  attempt  to  distend  the  cavity,  as, 
for  instance,  by  shutting  the  orifice  of  the  wound  around  the 
syringe,  for  the  fluid  might  be  forced  into  the  cellular  tissue 
and  lead  to  inflammation  or  even  slrvughing.  The  opening 
nmst  lie  U-ft  perffctly  free  and  enlarged  if  necessary.  Should 
there  be  any  shreds  of  tissue,  they  had  better  be  cut  ofiT,  and  if 
there  be  much  dirt  ground  iuto  the  tissue,  it  must  be  got  rid 
of  by  nieans  of  a  nail  brush.  The  injection  and  the  subsequent 
procedures  are  cjirried  out  under  the  8j)ray. 

If  the  woimd  was  made  twenty-four  to  forty-eight  hours 
before  being  seen,  a  stronger  siilution  is  employed,  viz., the  1-5 
spirituous  solution.  This  is  used  in  the  same  way  as  the 
other. 

Having  thus  got  the  wound  pure  the  question  of  stitching 
it  up  ai'iscp.  The  answer  to  this  question  varies  according  to 
(he  parts  injured.  As  a  rule,  in  injury  of  the  soft  jiarts,  a 
drain  is  intrixliieed,  and  the  same  accurate  stitching  eundoycd 
under  the  spray  as  was  described  on  a  former  page.  More 
especially  is  this  the  rule  in  scalp  wounds,  where  most  brilli;int 
results  may  be  obtained  by  the  use  of  catgut  drains  and  accurate 
stitching.  The  rest  of  the  treatment  is  the  same  as  in  opera- 
tion WMimds. 

Where  the  woimd  is  much  contused,  the  same  rules  apply 
as  to  purification,  but  it  must  Hot  be  stitched  up.  After  purifi- 
cation a  drainage  tu}>e  is  inserted  if  necessjiry,  the  wound  is 
left  open,  u  ]»ieee  of  protective  is  placed  over  it,  and  the  dressing 
applied  in  the  usujil  manner.* 
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I  have  mentioned  the  methods  t-o  be  employed  when  the 
wound  is  seen  within  the  first  forty-eight  hours.  It  may  be, 
however,  that  it  doen  not  come  under  notice  till  putrefaction 
already  eadats.  In  this  cnse  it  may  be  purified  by  the  intn>- 
duction  of  iodoform  &UH])euded  in  water  by  the  aid  of  alcohol, 
or  if  superficial,  by  stuffing  it  thoroughly  with  lint  dipped  in 
1-5  carbolic  oil,  Tliis  dressing  ref>eated  for  sevend  days 
generally  converts  it  into  an  aseptic  wound.  In  most  «ises  it 
is  best  to  apply  iodoform  or  the  chloride  of  zinc  solution. 

Certain  sjyecial  wounds  call  for  attc-ntion, 

Comix)und  fractures  are  the  wounds  in  which  this  treat- 
ment w:is  first  ai>pli*Hl,  and  in  which  rxccllcnt  results  c;tn  be 
obtained.  There  are  a  fuw  special  jKiints  to  be  noted.  In 
purifying  the  wonnds  gre^^t  ])ains  must  be  taken-  Any  dirt 
must  be  carefully  KcrafM?d  or  Rcmbhed  out.  All  blood  clots 
ought  to  be  turned  out  Jia  completely  as  possible.  The  ends  nf 
the  bones  are  cleaned,  and  if  they  cannot  he  returned  or  g*^»t  to 
fit,fM5rtion8  should  be  aawii  off.  The  ends  maybe  tied  t^i^'ther 
with  silver  wire.  The  {larts  ought  to  be  well  kneaded  as  the 
carbolic  lotion  is  injected  through  the  catheter,  in  order  to 
diffuse  the  lotion  as  much  as  j>OKsible  into  all  the  recet-ses  of 
the  wound.  No  stitches  are  inserted,  but  on  the  contrary,  free 
drainage  by  tubes  is  used.  The  same  sort  of  dressings  and 
apparatus  are  emi»loyed  as  in  excisions. 

Wounds  involving  tendons,  nerves,  or  museles,  are  treated 
in  the  same  manner  as  others,  and  the  ends  of  the  divided 
muscles,  tendons,  or  nerves,  ought  to  be  stitched  together 
with  catgut,  and  the  position  of  the  pirt  so  arnaiged  as  to 
avoid  dragging  on  these  stitches. 

Wounds  of  joints  are  very  imi>ortant.  When  recent  no 
oiwratiou  (excision  or  amimtatiou)  is  retiuirwl  in  the  first 
instance.  As  a  rule  the  joint  may  be  saved,  and  perfect  move- 
ment obtained  by  wjushing  it  out  vitv  (iK^nnighly  with  carbolic 
lotion  1-20.  The  wound  in  the  joint  is  enlarged  if  necessary. 
Where  several  homrs  have  elapnAl  since  the  accident  (more  than 
eight  or  ten  hours),  it  is  well  to  eni]tIoy  the  spirituous  solution. 
A  dr;uiiiig(Huite  is  iiitroduci'd  into  tho  j^liTlt,  but  no  stitches 
are  used.     Aftera  few  days,  when  thediscliarge  has  diminished. 
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the  drain  is  removed.  lu  about  three  weeks,  or  earlier,  puysive 
motion  ought  to  be  begun,  otherwise  the  adhesions  outside  the 
joint  may  become  so  strong  as  to  require  to  be  broken  d<.)wn 
under  chloroform. 

Comixiund  fractures  of  the  skull  are  treated  in  the  same 
manner  as  corapniuul  fractures  elsewhere,  purification  being 
atteiiii>ted  with  1-^0  carbolic  lotion.  The  dnni  mater  may 
be  freely  dealt  with  without  fear  af  inllammatiou,  for  the 
irritation  of  ciM'bolic  acid  is  only  very  transient.  Bleed- 
ing vessels  are  secured  by  catgut.  Should  one  of  the  great 
HJnuses  be  wounded,  a  irnirliuvted  compress  of  catgut  arrests  the 
hiemorrhage  satisfactorily.  This  I  have  kuown  to  act  very  well 
in  8  case  of  wund  of  ihe  longitudinal  ninus,  occurring  during 
the  operation  of  trcphiuiug  over  the  seal  of  an  old  injury. 

Wounds  penetrating  the  thoracic  cavity  are  much  more 
difficult,  to  treat.  Should  the  wound  penetrate  the  lung,  and 
should  the  lung  i>rotriide,  the  exposed  jmrts  and  those  around 
are  purified  with  carbolic  lotion  1-20.  In  deciding  as  to  the 
returning  of  the  injured  lung  and  the  stitcliing  u]>  of  the  wound, 
tlie  surgeon  must  be  guided  by  the  circumHtanees  of  the  par- 
ticular injury.  In  some  cases,  if  the  wound  in  the  lung  were 
8n[irrficial,  the  edges  of  the  divi(ied  visceral  pleura  might  bo 
stitched  tugethcr  with  fine  catgut,  tVie  lung  returned,  and  the 
external  wound  closed.  Where  a  large  bronchus  is  injured  it 
might  be  better  pmct ice  to  leave  the  lung  in  the  wound,  and 
leave  the  wound  i»pen. 

Where  there  is  merely  a  wound  of  the  parietal  pleiua,  and 
where  the  lung  is  not  wounded,  the  extern;)!  wound  only  is 
piuitied  and  is  closely  stitched,  in  the  hope  that  union  by  first 
intention  may  occur,  that  the  air  may  be  absorbed,  and  that 
any  septic  ilust  present  in  the  pleural  cavity  may  be  unable  to 
cause  mischief. 

W^ounda  of  the  abdomen  are  variously  treated,  according  as 
there  is  or  is  not  pn>trusion  of  tlie  cttntents.  Where  there  is 
no  protrusion,  and  where  there  is  no  reason  to  suspect  injury  of 
the  viscera,  the  external  wound  ought  to  be  pnritied  and 
closely  stitched,  so  as  to  get  primary  union  throughout,  no  drain 
being  used. 

Where  the  intestines  protrude,  tliey  ought  to  be  carefully 
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bathed  in  warm  carbolic  lotion  1-30  or  I'Vfii  1-20,  and  if  tlH*re 
be  no  injury  of  them  in  any  jMirt  they  rnay  be  returned.  If 
they  are  cut,  the  gut  may  be  stitched  with  catgut  by  the 
glover's  puture. 

If  the  omentum  protrudes,  opinions  vary  as  to  the  treat- 
ment. When  it  can  be  returned  do  ^o  after  thomugh  purificn- 
tion,  and  then  stitch  the  abdominal  walls,  including  the  peril^>- 
neum,  clone  together.  Where,  from  adhesion  or  other  sufficient 
cause,  this  cannot  be  done,  or  wliere  the  omentum  is  very 
dirty,  I  shouM,  from  a  research  into  the  conHequences  of  un- 
returned  <^mentum  by  Dr.  Kenneth  McI^^nxI,  of  Calcutta,  con- 
sider it  the  safest  ]>r.R'tice,  especially  in  the  ease  of  a  |)eniou 
with  strong  mnscubu*  ]»arietes,  to  stitch  the  deepest  jwu"ts  of 
the  omentum  to  the  deep  part  of  (he  wound,  cut  oil'  the 
renminder  and  close  the  skin  over  all. 

If  internal  hiemorrhage  is  ^f'ing  on,  ap|KirenMy  from  the 
mesenteric  vessels,  the  wound  eiiuyhe  enlargetl  anti  the  bleeding 
point  sought  for.  Simon  advised  that  in  bleeding  from  the 
kidney,  the  injured  organ  should  be  excised  ;  this  snggi^stion 
was  never  put  intt*  jtractice,  but  nevertheless  it  is  one  well 
worth  bearing  in  mind. 


Such  are  the  chief  points  to  be  attended  to  in  recent 
wounds;  there  remains  for  considenition  the  class  of  cases  in 
which  putrefacti<in  has  been  jiresent  for  a  long  time,  I  refer 
tx)  cases  of  putrid  sinuses,  generall*'  connected  with  diseased 
bones  or  joints.  An  attempt  may  be  made  to  purify  these 
during  the  course  of  an  operation,  and  sometimes  when  the 
sinust's  are  few  and  micomplieated,  and  where  all  (he  dt-ad  bone 
is  removed,  this  attempt  may  be  successful.  The  sinus  is 
scraped  out  with  one  of  Volkmann's  phaqi  qjoons(Fig.  5C),  and 
all  tlie  granulation  tissue,  as  far  as  jMissible,  removed.  The 
raw  surface  of  the  sinus,  Ac,  is  then  washed  out  with  the 
chloride  of  zint^  solution,  which  is  ap[)!ied  thoroughly  to  all 
jKirts,  and  a  gauze  dres^iing  is  used,  in  the  Iio|k'  (hat  put ro- 
faction  has  been  thus  eradicated.  The  spray  should  be  emjiloyed 
during  the  whole  priwedm^e. 

If  this  is  sutcessfuU  wuU  and  good.  If  not,  boracic  oint- 
ment (at  first   full   strength,  afterwards  half)  or  salicylic  oint- 
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ment,  covered  with  boracic  lint,  is  the  best  dressing,  indeed,  it 
is  the  best  drej^sing  in  all  cases  where  strict  aaeptic  measures 
are  inapi>lieable. 

Tln^  aseptic  treatment  of  burns  vnries  according  to  the 
degree  and  extent  of  the  injury.  In  any  case,  unless  where 
the  bom  ia  very  extensive  and  where  the  partes  are  extremely 
dirty  (necessitating  scmbbing  of  the  surface  and  consequent 
shock,  and  also  risk  of  carbolic  iK)isoning),  an  jittempt  should 
be  made  to  purify  the  suHace  with  1-20  carbolic  lotion.  This 
liaving  been  <lone,  if  the  surface  is  small,  borarir  (tiutnu-nt  (Tull 
strength)  and  Ixiracie  lint  form  a  convenient  dressing.  When 
the  extent  of  the  burn  is  greater,  wet  boracic  dressing  (wet 
boracic  lint  used  as  water  dressing — covered  by  gutta-percha 
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tiBsue  or  macintosh )  is  the  most  suitable.  The  wet  banicic 
dre.ssing  is  als4»  ajtplie*!  in  those  cases  where,  on  account  of  the 
extent  of  the  burnt  surface  and  the  amount  ef  dirt^  jiuritication 
with  carbolic  acid  is  not  atlvisable.  Where  the  surface  ie 
thoroughly  charred  and  where  the  wound  is  not  very  extensive, 
boracic  ointment  or  carbolic  oil  1-10  are  the  best  dressings. 
The  objection  to  carbolic  oil,  which  M*aii  formerly  used  in  all  cases, 
is  ihnt,  when  the  surface  is  large,  there  may  be  a  fatal  absorp- 
tion of  carbolic  acid. 

In  the  after-treatment  the  sores  ore  dressed  with  hcjracic 
dresHiugs  (protective  and  boracic  lint,  or  better,  in  the  tirst 
instance,  boracic  ointment)  just  as  in  the  case  of  ulcers. 

The  rules  as  to  the  treatment  of  gangrene  are  altered  in 
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aseptic  surgery,  and  this  is  more  especially  the  case  with  senile 
gangrene.  Should  Bympti^ins  of  neuile  gangrene  Het  in,  say  in  the 
lower  extremity,  the  skin  of  I  he  foot,  toes  and  leg,  are 
tlioroughly  cleansed  with  1-20  carbolic  lotion.  This  must  be 
done  very  efficiently.  All  the  folds  about  the  nails,  &c.,  must 
be  airefully  cleansed  and  washed.  Thin  having  been  done,  the 
whole  limb  and  foot  are  enveloped  in  a  large  mass  of  carWised 
cotton  w*>ol  (carholised  in  a  1  per  cent,  ethereal  solution  of 
carbolic  acid).  This  being  pure  in  its  sub.st.{ince,  and  being 
a])pli<Hl  over  a  pure  surface,  completely  shuts  out  causes  of 
putrefaction.  Thrf  carbolic  acid  8o*jn  flies  off,  and  then  the 
cotton  wool  acts  simply  as  a  tilt<?r,  while  it  protects  the  jHirt 
from  unequal  prensure  and  retains  the  heat.  This  may  be 
kept  on  for  any  length  of  time,  and  so  long  as  discharge  does 
not  extend  to  the  surf;ice  or  the  gangrene  above  the  limits  of 
the  dressing,  the  part  remains  sweet,  and  very  often  the  gan- 
grene, which  in  the  first  instance  threatened  to  involve  the 
whole  leg,  becomes  limited,  and  there  may  even  be  merely  a 
small  cutaneous  slough.  In  any  case,  as  a  rule,  the  gangrene 
does  not  go  on  sjireading  as  it  does  when  trejited  in  the  usuid 
manner,  and  for  this  reason: — Suppose  that  the  part  is  not 
treated  asejitically,  the  tissue  at  the  edge  of  the  dried  gan- 
grenous mass  becomes  putrid,  the  living  tissue  in  the  neigh- 
bourhood is  very  weak,  the  putrid  material  acts  on  it  like  a 
caustic,  destroys  its  vitality  or  excites  an  inflammation  which 
kills  it,  luid  so  the  gangrene  gf>es  on  spreading,  till  at  length 
])arts  are  met  with  of  sufficient  vitality  to  resist  this  action  of 
the  putrid  materi:ils.  Then  a  line  of  demarcation  is  formed. 
On  the  other  hand,  when  the  gangrenous  i>arts  are  not  putrid, 
the  weak  parts  in  the  vicinity,  which  would  to  a  certainty 
Yv.\xv,  died  in  the  fornicr  ease,  retain  their  vitality  and  gain 
strength.  Thus  also  flie  rule  of  never  nmputating  in  senile 
gangrene,  except  to  trim  a  stump  formed  naturall}*,  is  dune 
away  with,  and  it  is  genendly  belter  to  ampufate  as  t^rMtn  as 
it  is  clear  tn  what  extent  the  tissue  is  dt-ad,  rather  than  t^> 
subject  the  ])atient  to  the  continual  pain  and  irritation  arising 
from  the  presence  <»f  the  tleail  piece.  The  same  reasoning 
iijipties  to  cases  of  tnuiniati*:  sjireading  gangrene.  This  is 
only  one  instance  of  how  completely  many  emrent  ideas  as 
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to  siirgiciil  j>athology  aiul  treatment  are  reversed,  when  means 
arc  taken  to  render  the  dust  of  the  atmosj^here  inert  before  it 
reaches  a  wonnd. 

In  treating  naevi  great  benefit  is  obtained  from  the  in- 
jection of  pure  carbolic  acid,  The  nieviis  ir  first  thoroughly 
cut  o(f  from  the  circulation  by  ligatures  tightly  appliml  around 
its  base,  and  then  half  minima  of  pure  carbolic'  acid  are  in- 
jected into  various  parts  of  the  tumour.  Ten  minutes  or  bo 
having  Ixien  alluwod  to  pf.ss,  in  order  to  ensure  complete  and 
limi  coagulation,  the  ligatures  are  divided  and  removeil,  and  the 
punctures  are  touched  with  collodion.  The  surface  being  lefl 
completely  dry,  any  slough  which  forms  becomes  absorbed  or 
seiarates  as  a  crust  after  some  timej  tlie  i>art  beneath  being 
found  to  be  a  scar. 

The  «amc  method  answers  excellently  in  the  treatment  of 
varicose  veins,  A  toumitjuet  having  been  firmly  applied  around 
the  upper  part,  of  the  limh  in  order  (o  arrest  the  cin-ulation, 
the  vein  is  punctured  at  various  jjarts,  nnd  ludf  minims  i\i  ear- 
holic  acid  are  introduced  into  it.  The  tourniquet  is  kept  on 
for  t^n  minutes  after  the  injection  is  comjdeted.  C'<mgn!ation 
and  a  slight  degree  of  inflammation  are  thus  induced,  but  this, 
so  far  as  I  have  seen,  never  g<»es  to  any  diingrTous  extent,  and 
is  followed  by  at  least  tem^xirary  ciu"e-  I  have  not  known 
any  case  return  with  reformation  of  varicose  veins. 

A  dissection  or  post-mortem  wound  does  not  give  rise  to 
bad  results  if  the  wound  be  instantly  purified  with  1-20  car- 
bolic lotion. 
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CHAPTER   VI. 

ASEPTIC  SURGERY — MODIFICATIONS, 

Country  pmclioc  :  Hato  to  dUptnst'  tcitfi  the  B^rray  duriti^  the  operathii^and 
during  the  uftrr-trcatmtiU  :  Jlnrv  to  rtnder  t!w  f/rtsftNtfit  Irs*  /reffumt.  li 
the  a.<ieiitic  metliod  ai'ijUcatile  iu  war?  Mr.  JJttrr't  nifffjrMtifm* : 
E»mareh'$plim  :  Ileijhrr't  mi'tki>d.  Devulupmont  of  Asci^tic  SnrjfiTy  in  Mr. 
Listcr'ji  hands :  fhatpound  frarturc* — Purr  cttrMir.  arid — Kormaftom  i*f 
ernst^Carholie  yiUtij — Lend  phttfrr — Lttr  pJn$ttr,  $^ng\n^  wtfHnd*  ni4h 
cnrbolie  lotion ^  jtrairctxvr^  ratt/iit  hydturrx^  Pirthwf  in  IK70 — Prrsmi  mHhtid 
in  thr  main  infrudurrd  in  IS71  —  Furthrr  iiifntdtirtion  n/  tct  t  ganzr^  *team 
Mjtrntf,  rhistir,  bandagn  :  ahncetxcg — Mr(hinl  of  opmiutf  tkriit  under  carholie 
oU :  wtmndi. 


Sucn  are  the  metliod.^  usiuilly  employed  in  carrying  out  the 
Listerian  principle  in  has]iitiil  or  in  private  practice.  It  is, 
however,  said  to  be  diihcult  of  application  to  couotry  practice, 
and  we  rnast  therefore  enquire  in  what  way  it  con  be  mado- 
easier.  The  difticulties  nrged  are  that  the  spray  is  too  heavy 
to  earry;  that  it  is  not  always  easy  to  return  a  long  distance  to 
see  a  j)atient  on  the  day  after  the  operation,  and  that  the  dress- 
ings arc  too  expensive  for  the  lower  classes.  We  must  there- 
fore, in  some  way  or  other,  render  the  dressings  very  infreijuent, 
so  as  to  avoid  expense  and  unnecessary  visits,  and  we  must  try 
to  dispense  with  the  spra)\ 

In  the  first  instance  in  going  to  perform  an  operation  or  tO' 
treat  a  wound,  the  surgeon  takes  instrumcntti  with  him,  and  fae^ 
may,  without  any  fwlditional  trouble,  easily  arid  a  spray  to  the 
contents  of  bis  b;kg,  jind  this  sjiray  may  be  left  at  the  pat.ieut's 
house,  and  brought  home  again  after  the  first  dressing.  But, 
8UJ)JK>^5e  tbi'  surgeon  htis  not  a  ^pray  at  band.  What  is  to  he 
done  ?  Well,  be  must  use  all  the  other  precautions  before 
described,  an<l  wash  out  the  wound  fre(iutully  with  1-40 
carbolic  acid  lotion  during  the  operation,  and  while  the  stitches 
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are  being  inserted ;  and  then,  before  the  piece  of  wet  gauze  is 
applied,  he  may  distend  the  wound  with  the  saine  lotion,  the 
wet  gniize  being  applied  while  this  is  still  flowing  out.  At 
tlie  same  time  I  cannot  see  that,  in  the  great  majority  of  cases, 
it  can  be  any  great  hardshij*  to  carry  a  s|)ray  to  an  ojieration. 

During  the  after-treatment  a  spray  is  not  necessjiry.  The 
spray  n»ay  be  rentlered  unnecessary  during  the  after-treatment 
in  two  ways.  In  the  caw."  where  catgut  stitches  and  catgut 
drains  iire  used  a  deep  dressing  may  be  ajiplied  at  the  time 
of  the  operation,  and  may  never  require  to  be  changed. 
This  deep  dressing  is  fixed  dowTi  in  some  way  or  other,  un<l  is 
treated  as  a  wound,  the  gauze  being  soaked  with  carbolic  lotion 
every  time  the  superficial  dressing  is  removed,  and  tln;n  a 
piece  of  wet  gauze  hirger  than  the  deep  dressing,  and  the 
general  dressing  are  applied.  Should  it  he  necessary  to  remove 
the  deej)  dressing,  tliere  is  no  necessity  for  the  spray,  if  catgut 
drains  be  used,  because  there  is  no  cavity  into  which  air  may 
pass.  Tile  dee[i  dressing  having  been  removed,  ciirbolie  lotion 
is  allowed  to  flow  over  the  wound  till  a  giuird  is  applied. 
Where  a  tube  is  U8(?d  it  is  more  difiicult  to  do  without  the 
spniy,  fi>r  in  that  case  there  is  an  open  orifice  into  which  dust 
may  fall,  and  be  sucked  into  the  interior  of  the  wound,  and 
further,  when  the  tube  is  removed,  air  must  enter  to  take  its 
place.  This  may  be  avoided  by  the  use  of  a  syringe  which 
constantly  keeps  a  stream  of  carlx^lic  acid  lotion  passing  over 
the  wound  and  over  the  drainage  tube,  till  a  fresh  dressing 
fs  applied.  Shotdd  it  be  necessary  to  remove  the  tube  it  is 
well,  in  luidition  tn  this  constant  How  of  lotion,  tn  cover  the 
orifice  of  the  tube  with  a  rag  dijipcd  in  the  aiitiseptic  lotion. 
The  best  way  is  to  take  a  guard  soaked  in  carbolic  lotion  and 
folded  in  several  layers,  and  place  this  over  the  orifice  of  the 
drainage  tube,  extending  on  each  side  of  it  for  a  considerable 
rlistance.  The  tube  is  now  seized  with  a  |)air  of  forceps  through 
this  rag,  and  as  it  is  pulled  out  the  rag  is  carefully  tucked  in 
around  it,  so  as  to  compel  the  air,  as  it  passes  in  to  take  the 
place  of  the  drainage  tube,  to  traverse  the  moist  guard.  This 
seems  to  me  better  than  the  method  of  slipjung  in  forceps 
under  the  guard  and  pulling  out  the  tulie,  the  guard  lx*ing  well 
l>res&ed  down  on  it.     In  taking  out  wire  or  silk  stitches,  the 
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guard  is  pulled  iiside  so  as  to  expose  the  8tit4,'h,  a  little  carbolic 
lotion  in  then  dropped  over  the  suture,  and  as  the  latter  is 
withdrawn,  a  few  drops  of  the  lotion  are  applied  to  the  orifice 
of  the  puncture. 

These  methods — the  use  of  catgut  stitches  and  catgut 
drain,  and  the  employment  of  a  jwruianent  d<H!p  dressing, 
together  with  the  hints  in  cases  where  a  dniinage  tube  or  non- 
absorbable stitches  are  employed,  suifice  to  render  the  oi>eTntor 
independent  of  a  q>niy. 

Can  we  now  render  the  dressings  less  frequent  ?  Thi«  may 
of  course  be  done  to  a  certain  extent  by  applying  a  larger 
ainouTit  of  gnuzi',  but  the  best  way  is  to  use  sinrnges  in  the 
interior  oi  the  dressing  for  the  purjx)se  of  absorlnng  and  retain- 
ing the  fluid.  The  deep  dressing  ha\ing  been  applied  and 
fixed,  a  large  sponge  or  several  small  i:)nes  are  placed  outside  it, 
these  siHJuges  having  just  been  wrung  out  of  ciu"lx>lie  lotion; 
outride  the  sponges  and  extending  well  beyond  them  is  a  piece 
of  wet  gauze,  and  then  the  masses  of  loost;  gauze  and  g*-nenil 
gauze  dressing.  In  this  way  the  discharge  is  retained  in  the 
interior  of  the  dressing,  and  of  course  so  long  as  it  is  there, 
and  so  Umg  as  the  diseharije  has  ni.*t  reaehrd  the  edge  of  the 
dressing,  it  is  iis  safe  from  putrefaction  as  if  it  were  in  a  piu-e 
tiosk.  By  the  use  of  these  sjionges  several  days  may  be 
allowed  to  elapse,  in  many  cases,  before  the  first  dressing  is 
changenJ,  though  it  is  well  iu  every  ease  to  change  the  first 
dressing  on  the  day  after  the  operation.  When  the  dressing 
is  changed  these  sponges  are  squeezed  thoroughly,  washetl  in 
carbolic  lotion  1-40,  and  reapplied.  By  the  use  of  sjKjnges  two 
or  three  dretisiugs  suffice  for  the  treatment  of  must  operation 
wounds. 

By  t.he  use  of  salicylic  jute  in  large  masses,  the  sjime  avoid- 
ance of  frex]uent  dressings  may  be  obtained,  hut  this  miiterial 
is  not  very  trustworthy  as  an  antisojitic. 

Thonmghly  purified  cotton  wckiI,  which  may  he  obtained 
cheaply  by  imjircgnating  it  with  sulphurous  acid  fumes,  a|h- 
plied  in  large  mass  may  prevent  the  necessity  of  frequent 
dressing. 

By  the  means  described,  the  difficulties  in  the  way  of  the 
adoption  of  this  system  in  country  practice  may  be  overcome, 


APPLICATION  IX   W'Ali, 


128 


and  instead  of  nuisinj;  additionnJ  expense  to  a  jxior  i>atient,  it 
saves  expense  in  many  ways.  The  dressings  required  are  so 
few  that  the  price  of  the  materiala  employed  is  not  greater 
than  that  whiuh  would  be  necessary  even  if  water  dressing 
were  used ;  and  exjtense  is  saved  in  many  other  ways,  as  I  shall 
mention  in  the  latt<^r  part  of  this  work,  notably  in  tlie  rapid 
heiding,  which  is  of  course  of  the  greatest  conaequencc  to  the 
bre;ul  winner. 

Is  ike  Aseptic  method  appliathlc  in  Warl 

In  the  *  British  Medical  Journar  for  September  3,  1870, 
Mr.  I/ister  (leseribes  a  method  for  the  use  of  anny  surgeons. 
He  suggests  that  the  wound  should,  as  soon  as  passible  after 
the  injury,  \w  thoroughly  washed  out  with  1-20  carbolic  lotion, 
the  surroimdiug  skin  being  at  the  same  time  purified. 
Bleeding  vessels  are  secured  by  catgut,  by  torsion,  or  by  car- 
boline*!  silk.  AMiile  the  wound  is  full  of  lotion,  extract  the 
bullet,  clothes,  &c.  Then  cover  the  wonnd  with  two  or  three 
layers  of  oiled  silk,  smeared  on  both  pides  with  car))oHc  oil  l-o. 
Over  this  ajiply  layers  of  lint  soaked  in  the  1-5  oil,  overlapping 
the  oile<l  silk  for  about  three  inehea  in  everj'  direction,  and 
about  a  quarter  of  an  inch  in  thickness.  This  is  covered  with 
guttvpercha  tissue,  aud  the  whole  is  faiitened  on  with  a  bandage 
soaked  in  ciirbolic  oil.  This  is  the  permanent  drcPsing.  Out- 
side this,  another  and  larger  dressing  of  uiled  lint  covered  by 
gutta-percha  tissue  is  a]fplied  daily.  During  the  first  day  apply 
fresh  oil  to  the  outer  clulh  once  in  six  or  twelve  hours.  On 
the  following  day  the  outer  dressing  is  changed,  carbohc 
lotion  being  introduced  under  the  fi^igGy  as  it  is  lifted,  by 
me^ns  of  a  syringe;  or  carlwilic  oil  may  be  poured  in.  After 
the  first  dressing  use  the  I -10  oily  solution,  and  later  the 
1-20.  On  the  second  day  oil  is  only  ap]ilied  once  in  twelve 
hours,  after  that  it  is  applied  rkiily  f(>r  five  or  six  days,  and  then 
once  in  two  days. 

In  compound  fractures  use  a  wire  splint  next  the  deep 
dressing,  and  apply  the  fresh  superficial  dressings  outside  the 
wire.  This  splint  need  not  be  removed  till  unitm  is  complete, 
the  oil  being  merely  poured  between  the  meshes  when  the 
dressing  is  changed. 
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Epmaroli,  in  LaTifTenbecU''s  *  Archiv,'  vol.  xx.  p.  171,  jiroposes 
another  plan  of  treatment. 

He  ])oiuts  out  that  the  new  form  of  bullets  ]tasKing  quickly 
through  tlie  clothes  may  not  carry  into  tlie  wound  any  causes 
of  putrefaction,  Tht^refore,  if  the  wound  is  not  examined  by 
dirty  fingers  or  instniment^,  and  if  it  be  seen  at  once,  it  may 
in  most  caws  bp  regarded  as  uHeptie,  Starting  on  this  prin- 
ciple, be  suggests  that  each  soldier  .should  be  provided  witb 
tAmi)ons  of  solieylie  cotton,  wra]ii)ed  in  salicylic  g:iuze,  Kig. 
57  represents  the  contents  of  the  pncket  of  dressings  which 
Esman-b  j>ri)pottes  to  i^upply  to  each  Holdier.  At  the  front,  when 
there  seems  any  possibility  of  sieving  the  limb,  these  tamiwns 
are  introduce*!  into  the  openings,  and  bnndagrd  on  without 
any  preliminary  probing  or  cxarninatiim  of  the  wound.  Any 
other  necessary  apjHiratus  is  applied,  and  the  patient  sent  to 
the  rear.  At  the  rear  the  skin  amund  tlie  nritice  in  purified 
with  some  antiseptic  lotion,  and  if  there  is  any  necessity  to 
explore  the  wound,  as  for  remoung  bullets,  sitlinters,  &t\,  the 
tainpou  is  remov<xl  under  the  s]>ray,  the  wound  washed  out, 
and  an  antiseptic  dressing  uj>plied.  If  there  is  no  necessity 
for  exydoring  the  wound,  the  skiu  is  merely  purified,  and 
then  a  mass  of  salicylic  jute  or  other  antisiptic  material  is 
applied  without  disturbing  the  tampon.  If  jiutrefactiou  occurs 
later  the  wound  must  Iwj  enlarged,  and  an  attempt  made  to 
purify  it. 

(-onservative  surgery  being  more  njiplienble  with  the  .iseptic 
method,  the  necessity  for  primary  amputation  at  the  front  is  less 
frequent,  and  as  a  rule  exists  only  in  the  case  of  smashes  from 
large  balls.  Esmarch  considers  that  for  such  cases  a  sufficient 
supply  of  antiseptic  materials  should  be  jiresent  in  the  am- 
bulance. Referring  to  those  eat-es  not  treate<l  afleptically  which 
tlo  well,  ami  to  the  enls  of  investigating  the  wouud  at  the  first, 
Esmarcb  says :  *  So  weit  ich  habe  in  Erfahruug  bringen  kiin- 
nen  sind  diejeningen  Fiille,  welche  nsejitiseh  verliefen,  auf 
dem  Schlnchtfelde  nicht  mit  dem  Finger  grimdlich  untersucbt, 
sondcm  gleich  verbunden  worden,  wlilirend  solclie  Fiille  bei 
denen  wie<lerholte  Untersuchinigeu  vnrgenorumen  waren,  mir 
oft  eineu  besonders  schlimmen  Verluuf  zu  nehnicn  SL-liieium.' 

Ebiuarch'g  niethwl  has  been  put  to  the  test  by  Dr.  Reyher 
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during  the  laU*  Rnsso-Turkish  campaign*  His  rosnlts  wore 
excellent,  and  will  be  referred  to  later  on.  He  carried  out  the 
aseptic  methixi  in  two  ways,  according  to  the  nature  of  the 
injury  and  the  troatinent  before  the  case  came  into  the  sur- 
geon's hands.  These  are,  either  that  the  surgeon  clfjses  the 
wound  without  further  treatment,  merely  disinfecting  the  sur- 
rounding parts,  or  else  that  he  cleann  out  and  imritiea  the  track 
of  the  bullet,  and  afterwards  makes  provision  for  free  aseptic 
dniinage.  In  the  first  instance  healing  occurs  under  a  crust; 
iu  the  second,  under  a  moist  and  antiseptic  dressing. 

The  cases  which  are  suitiible  for  the  first:  method  of  treat- 
moiit^treatment  by  a  crust — Jire  those  in  which  the  wound  is 
small,  where  no  clothing  liai*  h^en  carrietl  in  with  the  bullet, 
where  the  edges  of  the  wound  fall  together  as  where  the 
wound  is  more  or  less  valvular,  ai»d  where  no  examination  of 
the  wound  by  finger,  i)robe,  &e,,  has  been  made.  Iu  such  a 
case  the  suriimnding  skin  is  ciu-efully  purified,  and  an  attempt 
is  made  to  obliiin  a  dry  crust  either  by  alhnving  the  blood  to 
dry,  ar  by  aiding  the  drying  by  applying  charjtie,  gauze,  *Scc, ; 
or  the  wound  may  be  covered  by  a  mass  of  salicylic  wool  or 
carbctlte  gauze,  Reyher  lays  j>articular  stress  on  the  avoitlanco 
of  prnlijng  or  draining  such  wounds.  On  the  contrary,  any 
communication  witli  the  outer  world  should  be  shut  off  as  aoon 
as  possible. 

In  many  teases  this  'occlusittn*  of  the  wound  cannot 
dei)ended  r>n,  and  the  bullet  track  must  be  wa.Hlird  out,  and' 
treated  in  the  way  described  under  compound  fracture,  free 
drainage  being  carefully  provided.  This  is  chiefly  the  caso^ 
where  the  missile  has  been  tnvvelHng  slowly,  and  wliere,  cons* 
qneutly,  the  wound  in  the  skin  is  not  so  small  nor  valvular,  and 
where  there  is  more  likelihood  of  articles  of  dress  being  carried 
in  with  it  ;  where,  also,  as  Keylier  puts  it,  the  wound  is  open 
and  '  the  air  has  not  only  entered  but  must  enter  again/  This 
treatment  is  also  necessary  in  cases  where  wounds  have  been 
examined  with  unclean  fingers  or  instruments  before  reaching 
the  ambulance. 

It  is  thus  evident  that  the  spray  is  not  required  for  thi 
majority  of  cases,  and  indeed  by  following  the  lines  previously 
indicated  it  may  be  entirely  dispensed  with.     The  gauze  n 
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quired  for  the  dressings  can  be  made  in  the  vicinity,  and  for 
this  purpose  Keyhor  curried  with  him  the  machine  for  making 
gauze  described  in  Chapter  III.,  and  had  thus  ix  constant  ^up]>ly 
of  the  freshly-prepared  miiterial.  There  is  not  much  dithculty, 
therefore,  with  regard  to  the  materials;  the  real  question  is 
how  to  have  the  cases  treated  aseptically  from  the  very  first, 
Reyher  was  able  to  overcome  these  difficulties  by  proceeding  in 
the  following  manner.  In  the  tirst  place,  instructions  were 
given  that  wounds  were  never  to  be  exiuuine*!  at  the  front, 
either  with  fingers  or  instruments,  nor  was  any  attempt  to  be 
made  to  extmct  a  bullet.  The  only  exceptions  to  th(!se  rules 
■were  cases  where  blood-vessels  were  injured,  though  even  in 
these  it  was  generally  possible  to  a])]>ly  an  Esiuarch's  elastic 
biLiid  txD  control  the  hieuiorrhnge  temporarily;  and  cases  where 
the  projectile  had  passed  into  the  large  cavities  of  the  body, 
and,  without  wounding  the  contents,  had  remained  in  the  wall 
(»f  I  he  cavity.  In  such  a  case  the  bullrt  oiiglit  to  be  extracted 
at  once,  lest  it  should  fall  into  the  cavity  during  the  transit  of 
the  patient.  *  For  surgeons  at  the  front  there  is  only  one  line 
of  treatment — to  occlude  the  wound  provisionally — io  lay  the 
wounded  part  in  a  suitable  position  on  the  litter,  and  to  render 
it  ]»rL»vit^ionally  iiinuovalile.  As  provisional  dressing  the  sali- 
cylie  ballM  rciTinuneiiilt^l  by  Ksmarch  are  tlie  best.'  This 
method  is  chieHy  suitjible  for  cases  where  the  soft  parts  alone 
are  injured.  Most  of  the  serious  cases  can  be  attended  to  as 
a  rule  at  the  foremost  ambulance. 

The  more  siwgeons  become  imbued  with  the  true  jirinciples 
of  asepHc  surgery,  and  the  more  thoroughly  tliey  grasp  anti- 
sejitic  surgery  in  all  its  developments,  so  much  thegreater  is  the 
likelihood  of  obtjiiniug  aseptic  results,  Keyher's  results  show 
strikingly  what  can  be  done  with  the  methods  at  present  at 
our  disposal.  There  can  be  \Kt  doubt  that  with  improved 
methods  and  increased  knowledge  and  exjierience,  aseptic 
surgery  will  soon  be  universally  carried  out  in  war,* 


It  will  be  interesting  now  to  trace  the  gradual  develo[>ment 

'  For  a  rcjmviS  of  tho  opiniona  of  army  ttiirgoonH  on  tlic  best  nietljoda  of 
cairyiDp  out  naeptic  surgery  in  war,  see  a  little  |:^nip)ilet  by  Sur^'eoii'Mujor 
U.  Meibi^Jcw,  Xottt on  Anturptic  Surgery  in  War.   London:  lliiukt'n  A:  Co.  1881. 
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of  this  syBtem  in  Mr.  Listt;r\s  baniis.  Tliis  will  not  only  be 
int^^retrting  but  iiiHtructive,  aa  showing  how  aseptic  gurgery 
may  be  onrrinl  «>ut  in  circum^tanceB  where  spray,  gauze,  &c-, 
cannot  be  obtiiiued. 

The  fir^L  c*ase8  in  which  the  trc*atment  was  tried  were  oom- 
ponnd  fractures,  Jind  (lie  first  attempt  ret'orded  by  Mr.  Lister 
watt  made  in  March  1865.  This  attempt  wa8  unsuccessful,  as 
Mr.  Lister  subsequently  believed,  from  mismanagement.'  The 
next  ease  was  a  com[)ound  fracture  of  the  tibia,  causeil  by  the 
wheel  of  a  wagg*^n  i>aflHing  over  the  leg.  The  external  wound 
iu  thin  case  was  1^  inch  loug,  and  }  inch  broiid.  A  piece  of 
liut  ilipiH^i  in  carbolic  acid  (which  was  at  that  time  only  got 
as  an  impure  liquiil  kunwu  as  German  creowjle)  was  placed 
u])on  tile  wound.  Four  days  later  this  lint  was  rcmovwl,  and- 
the  wounii  dressed  with  Hut  soakeil  in  water  in  wliich  this  im- 
pure carbolic  acid  was  diffuned.  Five  dayri  afterwards  a  solution 
of  one  \xirt  of  carbolic  acid  in  from  10  to  20  parts  of  olive  oil 
was  uwil  for  four  days,  and  then  ordinary  water  dressing  wa«j 
resorted  to. 

The  aim  in  this  case  was  to  form  a  crust  consisting  of  lint, 
carbiilic  acid,  and  bluml,  which  would  protect  the  deeper  part* 
from  putrefaction.  In  this  instance,  however,  the  scab  cam© 
off  on  the  fourth  day,  and  iu  order  to  avoid  this  occurrence, 
Mr.  Lister,  in  his  nt^xt  cases,  applied  a  piece  of  liuf  dipped  in 
jiure  carlMilio  acid  as  before,  large  euough  to  overlap  the  sound 
skin  for  a  rpuirter  of  an  inch  all  round,  and  covered  with  oiled 
l)aper,  ai»plyiii^'  for  the  first  four  days  outside  this  arrangement 
a  piece  of  Hut  soidced  iu  pure  carbolic  acid.  The  crust  was 
left  untouched  till  the  eleventh  day,  and  tlieu  water  dressing 
was  used. 

It  now  betuime  evident  that,  owing  to  the  volatility  of  tbe 
carlwlic  acid,  means  were  required  to  ]>revent  its  evaporation. 
Accordingly,  in  the  next  cases  a  layer  of  sheet  lead  or  of  block 
tin  was  ap]>lied  outside  and  overlap}ung  the  crust. 

1  p  \m  this  lime  there  was  no  alternitt  made  to  purify  the 

interior  of  the  wouml  in  the  tirst  instance.     How  was  it,  then, 

that   no   pulrefaclion   occurred?      I'robably  for   the   fnllowing 

reasons.     It  may  have  been  that  no  septic  jmilicles  had  got 

'  Sev  numb«r«  of  tbe  ZMHCct  Tor  lS(t7. 
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into  tlie  inkTinr  of  (lit;  wound  because  the  blond  flowing  con- 
stantly out  Would  prevent  the  entrance  of  polid  particles,  which 
wfiuld  thus  only  be  present  if  dirt  was  introduced  at  the  time 
of  the  ai^cident,  or  if  much  movement  of  the  fragmentj*  oc- 
'ciirrod  afterwards,  with  consequent  introduction  of  air.  Further, 
if  any  septic  particles  were  present  they  may  not  have  been 
able  to  pnxluct;  any  effect  in  the  pri'scnce  of  henltliy  living 
bloo<l  clot.  (TIus  will  be  discnssrd  b*Tcafter.)  Lastly,  the 
strong  carbol ie  acid,  (hough  afjplieil  ordy  In  the  surface,  nipidly 
spreads  into  the  interior  even  ti»  a  depth  of  one  or  two 
inches. 

The  necessity  for  purifying  the  deeper  part^*»  of  the  wound 
sfion  bfviune  evident,  A  case  was  admit  led  in  which,  when  the 
tissues  around  the  wound  were  pressc<l,  bubbles  of  air  escaped 
along  with  the  blood*  Here  Mr.  Lister  squeezed  out  as  much 
of  the  clotted  blood  and  air  as  he  could,  and  then  apjiHed  a 
piece  of  lint  dipped  in  pure  carbolic  acid,  slightly  larger  than 
the  wound,  and  over  this  the  piece  of  block  tin.  The  crust 
was  daily  painted  with  carbolic  acid,  the  tin  cap  being  renji- 
plied  on  each  occasion-  Thie  treatment  was  continued  for 
three  weeka, 

This  purification  of  the  deeper  piirts  was  carried  out  more 
thoroughly  in  the  next  case,  in  which  it  was  necessary  to  saw 
off  a  ]K>rtion  of  the  ulna,  and  here  the  whole  of  the  interior  of 
the  wound  was  swabbed  out  with  pure  carbolic  acid.  In  this 
case  Mr.  Lister  first  became  acquainted  with  '  antiseptic  sup- 
puration,' i,e.  suppuration  due  to  the  irritation  of  the  anti- 
8e|)Ke  applied.  (The  evil  effects  of  the  pure  caustic  carbolic 
acid  in  causing  eicoriation  of  the  skin  had  been  already 
noticed.) 

Finding  that  no  harm  residted  from  the  free  application  of 
pure  carb/^)lie  acid  to  the  interior  of  the  wound  in  the  last  case, 
the  next  which  came  under  notice  was  more  thoroughly  treated, 
the  contused  i)arts  being  well  manipulated  and  s^^ueezed,  so 
as  to  induce  the  liqiiid  carbolic  acid,  which  was  introduced,  to 
penetrate  int-o  all  the  interstices  of  the  wound.  At  a  later  [>erio<i, 
in  order  to  permit  cicatrisation,  the  crust  was  clipped  away 
around  the  margin,  and  a  solution  of  sulphite  of  potash  (5  grains 
to  the  ounce)  applied. 
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In  future,  the  method  of  mtroducing  strong  wrbolic  acu 
into  wounds  by  means  of  a  juect'  of  lint,  Hoakt'd  in  the  undi- 
luted acid,  held  in  dresf^ing  forceps,  was  adopted.     The  blood 
clots  were  as  far  as  jxtHsihle  removed. 

In  order  to  obtain  a  more  substantial  cmst  and  one  less 
likely  to  be  detached,  in  cases  where  there  was  too  little  blood, 
a  paste  was  made  une  of,  composed  of  starch,  moistened  with 
carbolic  acid  placed  outside  a  piece  of  calico  Hoaked  in  pure 
acid,  and  applied  next  the  wound.  As  a  rule,  however,  there 
is  enough  blood  to  form  a  subftantial  crust  if  several  layers  of 
calico  are  used, 

A  great  risk  of  putrefaction  was  all  along  experienced, 
owing  to  the  fact  that  the  pure  acid  could  not  be  made  to 
overlap  the  nkin  annind  the  wound  because  of  the  ejccoriation 
caused  by  it.  Tliia  risk  was  especially  great  in  the  first 
twenty-four  hours,  during  which  there  was  a  profuse  flow  of 
blood  and  serum.  Hence  attempts  were  made  to  obtain  some 
sort  of  dressing  containing  the  acid  in  a  more  diluted  form, 
and  the  first-fruits  of  these  attempts  wa**  the  formation  of 
various  pasltJH,  of  which  the  chief  was  long  known  as  carbolic 
putty.  This  consisted  of  a  I  in  5  solution  of  carbolic  acid  in 
boiled  linseed  oil  mixed  with  common  whiting  (CaCOj),  to 
the  consistence  of  a  firm  paste  or  putty.  This  was  then  spread 
on  a  sheet  of  block  tin,  forming  a  layer  of  about  a  quarter  of 
an  inch  in  thifkuess.  A  jiiece  of  lint  di[>]ie<i  in  1-5  oily  solu- 
tion was  retained  ]»ermnnently  next  the  wound  so  as  to  prevent 
its  exi)o8ure  during  the  changing  of  the  dressings.  The  whole 
dressing  was  finnly  fixed  down  by  means  of  a  continuous  series 
of  strips  of  plaster,  which,  however,  were  absent  at  the  most 
dej)endent  pirt,  so  as  to  allow  the  escai)e  of  discbarge,  which 
was  received  on  a  towel.  After  some  time  it  was  found  l>etter 
to  apply  this  putty  between  two  layers  of  calico,  and  then  the 
block  tin  outside  nil. 

The  advantages  of  this  dressing  are:  the  tin  applied  out- 
aide  i)reventH  the  escape  of  the  carbolic  acid,  the  acid  in  the 
putty  is  just  sufficiently  diluted  not  to  excoriate  the  skin,  while 
the  paste  serves  as  a  reservoir  for  llie  a^-id  during  the  interval 
which  elapses  between  the  changing  of  the  dressings,  the  dis- 
charge, as  it  flows  out  beneath  the  putty,  taking  up  only  a 
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certain  amount  of  the  acid  in  its  course.  If  necessary  tlie 
Htrengtli  of  the  ncid  in  the  putty  may  be  reduced- 
Its  disadvantages  are  that  it  is  clumsy  and  inconvenient 
to  manipulate,  and  that  it  is  very  apt,  when  subjected  to  move-- 
ment,  to  crumble  away,  and  thus  become  an  uncertain  dress- 
ing. Attempts  were  therefore  made  to  improve  it,  and  recourse 
was  had  to  various  forms  of  plasters.  The  first  of  these  was  the 
lead  pUiaUr^ 

The  following  is  the  mode  in  which  this  is  prepared : — 

Take  of  olive  oil  12  parta  by  measure 
„       „  litharge  (6nely  powdered)  12  parts  by  weight 
ft       II  l>eeswftx  J     ,,      „         „ 

„       „  crystallised  carbolic  acid      2^   „      „         „ 

Heat  half  the  oilover  a  slow  fire ;  then  add  the  litharj;^  gnidually, 
stirrinp  constantly  till  the  imiss  l)ecom€9  thick  or  a  little  stiif  Then 
add  the  other  half  of  the  oil,  stirringthe  mass  as  before,  till  it  becomes 
thick.  Thon  iulil  the?  wnx  p^iiidually  till  the  liquid  again  thickt'tis. 
Remove  from  the  fire  and  add  the  acid,  stirring  britikly  till  thorou);hly 
mixed.  Cover  up  close  and  set  aside,  and  let  the  litharge  settle,  thou 
pour  off  the  fluid  and  spread  on  calico.  Th«lnrgei|tumtity  of  litharge 
iu  thiH  mixture  was  introduced  for  the  puqwse  of  preventing  the 
melting  of  the  plaster  at  the  temiieraturo  of  the  body. 

The  wound  was  dressed  with  layers  of  lint  soaked  in  car- 
l»lif  oil,  and  this  dressing  was  covered  In  all  directions  with 
the  plaster.     This  plaster  was  renewed  daily. 

As  with  the  jnitty,  so  here,  the  deep  dressing  was  a])t  to  be- 
come displaced,  and  therefore  Mr.  Lister  used  lead  plaster  as 
the  (Outermost  layer  of  the  deep  dressing,  in  the  hoj»e  that  if, 
would  adhere  to  the  skin  and  prevent  lifting  of  the  edges  of 
the  dressing.  In  order  to  prevent  the  outer  layer  of  the 
plaster  from  sticking  to  this  inner  jKirtion,  a  piece  of  cjilico 
moistened  in  the  watery  solution  was  interiwsed.  Hut  though 
the  plaster  does  very  well  for  the  outside  kyer,  it  doa^  not  dd 
for  the  permanent  dressing,  for  it  ntlows  the  watery  solntion 
from  the  calico  to  soak  through  to  the  wound  beneath.  At  the 
same  time  this  deep  layer,  not  having  formed  a  erust,  is  apt  to 
shift  its  place,  and  to  leave  the  wound  more  or  less  exjMJsed. 

*  Brit.  .Vefi.  Journal.  October  31.  1878. 
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Mr.  Li-f-r  ;K*"r'iiij:^'ly  tri.il  **\\i*^T  T^^tii^  of  ]>laiit6r.  and  at 
l*-rii(t),  in  A\*'\\  la*-  h.-  -»-r-rii.-.l  t.i  li:iv.-  f.iunil  nil  that  he  wanted. 
Thi-  l.i'-  mix*-*  in  .iny  iiro]H>rri.in  with  i-arKilic  aeid«and  is  more 
or  I-—  flui'i  'tr  T»-ii:i.-i.iii*,  liiv^rilinij  t'»  th^  quant  it  v  of  acid 
jirr-»-nT.  Ti.»-  A\*'\\  lac  jMit-  hnx  -l««wly  with  its  acid,  and  thiis 
fifffi-  a  \^**A  dr»-**iiii;.  [r  i-.  li'-JMivvt-r,  very  apt  to  etick«  and 
in  "•pI»t  t.i  pn'Vt-nt  rhi*  Mr.  Li«t»T  inti'riM>a»ni  a  layer  of  ffiitta- 
ji*-n}.:t  l».-Tw»-fn  it  ainl  tli*-  >kiii.  Tlu-  o-arholic  acid  j^isses 
tljroiii»h  t1i»'  tftitta-jMTrlia  witli  fxtrr-nn'  readiness,  while  the 
l;itt»r  jir«'V«-nt*  th**  lai-  fnun  Mivking  t«»  the  deeper  parts. 
^jiitta-|M'rrha  fi-su**,  howevi.T,  jtrnvrtl  ajit  to  crack,  and  then 
ill*-  <lisi-harge  £r'»i  bitw»-«Mi  it  and  th*-  lac  plaster,  and  thus 
ih»'  riiii<l  lM-ii»-aTh  it  receivi'd  Imt  little  carbolic  acid.  Hence 
tli»-  *anie  Pfj-iili  haii]M.-ii>  with  tliJM-nu-ked  t:;utta-]iercha  as  when 
j»p»tw-Jive  *'Xt*'inl>  tM  \\\v  rdjje  i.»f  thf  ilressing — viz.,  a  deep 
layer  'tf  ?li#-  fluid  is  in«»rt-  ur  \*'>^  iimtreted  fntm  the  action  of 
ilj*'  a'-id,  and  piitrt'fartinn  can  >pread  inwards. 

Afr*-r -«-v*-ral  *X|H'riine!iis  he  ultiinatt-ly  employed  a  solution 
of  j(uita-|M'n-lia  in  bi-^ulpliiili*  *if  <'arht»n  to  brush  over  the 
hurfaee  of  tin-  jae  planter. 

Til"  followin;,'  is  tlif  inetlioil  rif  pivparin;;  tlii*  ]»Iaster: — 

'Tak.'  ofOulI  l;ii' 3  parts 

.,       .,  en-t.illivl  c;ii'lK)!ic  mill    ...  1  jxirt 

*  n<-:il  tlicbif- with  ;tl>init  «nit'  tliiiil  tit*  tlic  c.irlxilie  :um«1  over  a  slow 
fin*  till  thf  lac  x^  i*()!ii|»]rt4'ly  uit-ltf'l.  ihi/n  tf-movr  I'lvm  the  tii-e  and 
:i'l<l  thf  n*ni;iin<l)  r  iiftin'  aciil.  ;iiiil  >tir1>ri>kly  till  llu-  iii^^iiHlientB  nre 
tli«)roM;rh1y  niixfd.  Stniiik  thruti^Mi  iiiii»liii  :in<l  ]Hnir  into  the 
nuu-liiiii-  fi.r  sjuca'lini:  plaster.  :m«l  \\\nn\  the  li(ivii»l  has  tbickenoil  l»v 
oKjIin*:  to  a  ih  ;;ifM.*  stillicitiit,  sint^ail  to  tlit*  thiokiipss  of  nne-tiftieth  of 
an  inch,  Aftfrwanl-  liiii>li  tin-  siirfaci'  of  tlio  |ilastei*  with  a  Kohition 
of  ;.'iitt:i  pfnlia  in  aluiut  ■'<(>  parts  of  hi-iiliilii<1i-  t>f  earl'tm.  When  the 
liiMilphiili-  has  all  "V:ipoifiti'd  ihf  jilaMfr  may  U^  piled  in  smtable 
U;n;;ths  in  a  tin  1m)x  without  adlu'iinji.  or  rolK'd  up  and  kept  in  a 
eanist.*!!'.' 

For  llio  jK'rinancnt  ilrosiriir  in  coinp-mrKJ  fra<'tnre  adho- 
^JM'ni'^s  is  wantfd,  and  tliis  is  obtained  l)y  rubhinji;  off  (he 
^nttii-pi'ivha  and  l)rn>hin^  liipiid  carlvilie  a4-id  ov*t  the  surface. 

At  thi>  tune  (18GX)  iho  neri'.->it y  for  jirotediniif  the  healiiinr 
)»arl>  from  tin?  dinrt  a<*tion  of  the  carbolic  aeid  was  be^innin^ 
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be  recognised,  and  Mr.  Lister  first  8i)eaks  of  the  use  of  block 
tin  or  sheet  lead  as  a  i>rotective. 

At  the  same  time,  having  obtained  a  purer  carbolic  acid 
soluble  in  water,  he  gives  up  the  application  of  the  pure  acid 
to  the  interior  of  the  wound  in  coinpouuJ  fractures,  and  syringes 
it  out  with  a  solution  of  1-20  instead. 

In  the  'British  Medical  Jouniar  for  Maivli  II),  1870,  a 
dcacription  is  given  of  tln^  nifthod  th(*n  lined.  Th<*  wound  was 
in  the  first  instance  thoroughly  (syringed  out  with  1-20  carbolic 
lotion.  Then  oil  silk  covered  witli  a  layer  of  dextrin  was  njiplicd 
in  one  or  two  layers,  and  outsitie  this  tiie  lac  plaster.  If  rnueh 
discharge  was  exf>eeted  lint  or  a  towel  was  placed  outside  the  lac 
plaster  in  order  to  absorb  the  discharge.  Where  the  dressing 
was  left  undisturlx'd  for  a  week  two  layers  of  plaster  were  used. 
Where  a  small  piece  of  lac  plaster  was  applied  as  a  deep  dressing, 
and  where  consequently  the  gutta-]jerch:i  was  rubbed  off  to  allow 
the  plaster  to  adhere  to  the  skin,  the  gutta-percha  was  left  at  one 
)>art  so  as  to  afford  a  channel  for  the  eaca^ie  of  discbarge. 

In  changing  these  dressings  a  sohitinu  of  embolic  acid  1-20 
was  thrown  over  the  wound  by  menus  of  a  syringe,  as  the  dressing 
was  raised,  and  then  a  giuird  soaked  in  the  lotion  was  applied. 

In  1869  catgut  ligatures  were  introduced. 

The  olijeetions  to  the  lac  plaster  are  that  the  discharge 
putrefies  outside  the  jilaster  and  irritates  the  skin,  that  the  lac 
keeps  the  siu-face  beneath  it  moist  with  what  is  nnilly  a  film  of 
watery  solution  of  carbolic  acid,  ami  this  again  makes  its  way 
under  the  protective  and  irritat^'s  the  wound. 

Very  shortly  after  the  tisc  of  the  aseptic  method  in  the 
treatment  of  couiprnind  fractures  it  was  applied  to  abscesses. 

The  first  publication  on  this  subject  api>eared  in  the 
'  I*ancet  *  for  July  27,  1S()7.  The  methofl  of  opening  the 
ul>scess  and  of  changing  the  dressings  employed  with  the 
means  at  that  time  at  disposal  arc  very  important  with 
reference  to  the  question  of  operating  and  dressing  without  a 
Rpmy.  A  piece  of  nvg  dipped  in  1-5  carlnjlic  oil  is  laid  on  the 
skin  where  the  incision  is  to  be  made.  The  lower  edge  of  this 
rag  biding  niiaed,  a  knife  dipped  in  the  oil  is  at  once  plunged 
into  the  abscess,  and  the  rag  immediately  di'oppcd  over  the 
orifice  through  which  the  pus  is  pressed  out,     A  piece  of  lint 
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aoake<l  in  the  oily  solutiun  is  ilieu  introduced  into  the  opening 
in  order  to  stop  bleeding  and  to  prevent  it  from  closing.  This 
is  done  by  slipping  the  strij*  of  lint  under  the  antiseptic  rag. 
With  regard  to  the  dressing,  the  putty  is  here  described  and 
used  outside  a  deep  dressing  of  carbolic  oiled  lint,  a  layer  of 
wdico  being  inteqM>sed  between  the  putty  and  the  deep  dressing 
Xi\  prevent  thern  from  sticking  together.  The  putty  is  changed 
once  in  twenty-four  hours,  or  oftener  if  necessiiry.  In  doing  »o 
u  mg  di])[Hnl  in  the  oily  solution  is  placed  over  the  wound  or 
the  deep  dressing  the  instant  the  old  jmtty  is  removed.  If  a 
plug  of  lint  has  been  introduce*!  in  the  first  instance  it  is  after 
a  time  (two  or  three  days)  withdrawn  by  jiushing  oiled  forceps 
uuder  the  piece  of  oiled  rag,  seizing  hold  of  the  plug  and 
|)ulling  it  out,  the  oiled  rag  being  pressed  thoroughly  around 
(h(.'  forceps.  If  a  probe  is  introduced  it  must  beoiUil  ami  then 
sli])i)L'd  in  between  the  fold:;  of  the  oiled  rag.  As  the  various 
means  des<!ribed  under  comjiound  fracture  were  introduced  they 
were  api^lied  to  abscesses  on  the  princijiles  already  described. 

The  first  exainph?  of  et^cient  aseptic  treatment  in  the  cuise 
of  wounds  jiublished  by  Mr.  Lister  will  be  found  in  '  The  British 
JMedic«i  Journal '  for  October  31,  IHfift.*  The  case  narrated  is 
one  of  oiK-ration  for  badly  united  Pott's  fracture. 

'  ihx  the  11th  inat.  (April,  18G8),  the  man  being  under  the 
influence  of  chloroform,  I  made  a  curved  incision  behind  and 
below  the  prominent  end  of  the  tibia,  a  solution  of  carbolic 
acid  iu  four  |)arts  of  olive  oil  tieing  dropped  into  the  wound 
during  the  progress  of  the  operation.  I  detached  the  soft 
parts  from  the  bone  sufheienlly  t-o  enable  me  to  insinuate 
behind  the  callus  one  blade  of  a  jiair  of  cutting  pliers  smeared 
with  the  same  oil^  and  then  having  jilaced  ]neces  of  lint  soaked 
with  the  oil  around  tiie  blades  c*f  the  pliers,  so  as  to  prevent 
the  chance  of  septic  air  entering  the  joint  when  the  bone  gave 
way,  divided  the  callus,  and  at  once  covered  the  wound  with  the 
antiseptic  lint.  .  .  .  The  wounds  were  then  dresseil  with  a 
weak  oily  solution  of  carbolic  acid,  and  covered  with  the  anti- 
septic (lead)  plaster.     Fresh  plaster  was  aiiplied  daily.' 

I  need  not  repeat  the  various  modi  lluat  ions  in  the  treatment 

*  Beporte  published  during  the  same  year  by  Drs.  Ueron  and  Mallocb  will 
be  foand  in  the  (Hajuftm  Medical  JourHttl. 
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of  wounds,  as  they  are  similar  to  those  just  described  under 
compound  fractures. 

In  the  *  British  Medical  Journal'  for  January,  1871,  Mr. 
Uster  hrst  mentions  the  gauze  dressings,  and  also  refers  to  the 
use  of  oakum.  The  spray  is  also  tried.  In  August,  1871, 
this  method  has  been  established,  the  present  protective  was  com- 
pleted, and  macintosh  was  substituted  for  gutta-percha  tissue 
below  the  outer  layer  of  the  gauze.  The  drainage  tube  is  first 
mentioned  in  August,  1871,  in  the  treatment  of  wounds, 
though  it  had  been  used  for  a  short  time  previously  in  the  case 
of  abscesses.  At  that  time  the  piece  of  gauze  next  the  wound 
was  not  wet.  It  was  some  two  or  three  years  later  that  the 
necessity  for  wetting  the  deep  layer  was  recognised,  and  since 
that  time  the  results  have  been  much  more  constant.  With 
the  introduction  of  the  steam  spray,  of  the  elastic  bandage, 
of  the  improved  gauze,  &c.,  there  has  been  a  marked  improve- 
ment in  results,  and  the  avoidance  of  putrefaction,  in  cases 
where  the  wound  is  made  by  the  surgeon,  is  now  reckoned  on 
as  a  matter  of  course. 
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Other  metlioda  of  carrying  out  Aseptic  Bnrgcry.  Substitutes  for  carbolic 
acid:  Salicylic  aeitl :  Thymol:  Actiatt  of  Almnina:  EueaiyptMt  nil. 
Aseptic  surgery  by  tiltration  of  the  air.    Hubcutaneous  surgery. 

Such  are  the  essential  details  of  asei>tic  surgery  as  introduced 
and  practised  by  Mr.  Lister.  The  disadvantiiges  arising  from 
the  irritating  and  {>oisonous  qualities  of  carbolic  acid  have  led 
some  to  seek  other  antiseptics  as  substitutes  for  carbolic  acid* 
These  attempts  have  not  as  yet,  however,  succeeded  in  producing 
any  substance  jiossessing  so  many  advantages  as  that  acid. 
The  most  successful  substitute  up  till  (juite  recently  was 
salicylic  acid,  which  is  used  on  exactly  the  same  principles, 
but  not  with  the  same  constant  aseptic  results. 

The  use  of  salicylic  acid  was  first  adviKnited  by  Professor 
Tliiersch,  of  Leipzitj,  and  the  following  is  a  short  abstract  of 
his  metiiod  of  using  it, 

Salicylic  acid  is  chemically  nearly  n-latfd  to  carbolic  acid. 
Its  formula  is  (\Hg<).„  diifering  therofon*  from  that  of  carbolic 
acid  in  containing  in  addition  the  atoms  of  carbonic  anhy- 
dritlc.  (Tlie  formula  of  carbf)lic  acid  is  (gH,;**.)  Salicylic 
acid  is  not  polsontms,  but  it  atfrcfs  tli(»  hands  in  the  same 
way  as  (.*arlnilif  ncid.  It  is  absorbed,  and  may  be  found  in  the 
urine  of  patioits  whose  wounds  are  dressed  with  it. 

A  lotion  of  salicylic  acid  is  emjiloyeil.  This  i>  m  satunited 
solution  4if  the  acid  in  water  at  the  onlinary  teni])eraturc,  and 
its  strength  is  al)out  1  jiarl  of  sah'cylic  neid  to  'MM)  jKirts  t»f 
water. 

Two  materials  nre  used  as  th*<'ssiii^s  viz.,  sali(  ylle  wool  and 
salicylic  jute. 
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Salicylic  wool  is  cotton  wool  iinpregBated  with  salicylic  acid 
in  the  proportions  of  3  and  10  per  cent,  by  weight. 

The  3  per  cent,  wool  is  made  by  dissolving  750  grammes  of 
salicylic  acid  in  7,500  grammes  of  spirit  (83  sp.  gr.).  This 
solution  is  then  diluted  with  150  litres  of  water  at  the  temper- 
ature uf  70**-80'*  C,  25  kilogrammes  of  pure  cotton  wool  are 
riatunitcd  with  this  mixture. 

I1ie  10  per  cent,  wool  is  obtained  by  dissolving  one  kilo- 
gramme. f>f  salicylic  acid  in  10,000  grammes  of  sjtirit  (83  sp.  gr.), 
the  solution  being  then  mixed  with  60  litres  of  water.  Ten 
kilogrammes  of  pure  cotton  wool  are  soaked  in  this  solution. 

This  sjoaking  is  best  done  in  a  large  wooden  vat,  in  which 
the  layers  of  cotton  wool  have  plenty  of  room.  It  is  best  to 
place  only  small  quantities  of  wool  (two  to  tliree  kilogrammes) 
in  this  vat  at  a  time  in  order  to  get  an  ctpisil  distribution  of 
the  acid.  Thin  layers  of  cotton  wool  are  iutroducwl  into  the 
salicylic  solution  under  light  jiressure,  fresh  layers  being  added 
only  when  the  former  have  been  thoroughly  soaked.  When 
the  whole  quantity  has  been  introduced  the  mass  is  turned 
over,  80  that  the  undermost  layer  becomes  the  uppermost,  and 
then  it  is  left  f(*r  aliout  ten  minutes,  so  as  to  tiave  equable 
distribution  of  the  fluid.  The  wo«3l  is  then  taken  from  the  vat 
and  spread  out  in  layers.  On  cooling,  the  acid  crystallises  out, 
and  the  layers  ai'e  made  uji  into  small  parcels,  not  exceeding 
two  to  three  kilogrammes  each.  After  twelve  hours  this  wool  is 
spread  out  to  dry  in  a  moderately  warm  place.  It  should  not  be 
hung  up,  lest  the  acid  should  become  unetjually  distributed. 

The  10  per  cent,  wool  is  colt^ured  with  carmine  for  the  sake 
of  distiuL'tion. 

It  is  important  to  note  that  Thiersch,  in  speaking  of  3  ]>er 
cent,  and  10  per  cent,  wool,  means  wool  soaked  in  the  siilutious 
of  the  strength  described.    The  wool  does  not  contain  that  per 
eentage  of  salicylic  acid. 

This  cotton  wool  does  not  absorb  Huids  readily,  and  therefore 
Thiersch  now  uses  jute.  This  is  miulefnun  the  bark  of  various 
s)>ecies  of  Oorchorus  grown  in  Kengal,  and  is  cheaper  than 
cotton  wool,  and  at  the  same  time  more  absorbent.  If  is  used  of 
two  strengths — 3  aud  10  [jor  cent,  prepared  in  the  same  way 
as  the  salicylic  wool. 
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Glycerine  is  added  to  the  nolution  in  order  to  prevent  the 
crystals  of  salicylic  acid  from  falling  out,  because  they  are  apt 
to  produce  violent  sneezing,  coughing^  Sic, 

In  oixler  to  obtain  the  3  percent  jut«  2,500 u:rammes  of  jutesreput 
into  a  eolation  of  Ih  grammes  of  salicylic  acid,  iu  500  gi-aminc«  of 
glycerine  and  4,500  grammes  of  water  at  TO'^-HO'*  C. 

In  the  glycerine  jute  the  acid  is  more  equally  distributed 
than  iu  the  cotton  wool.  In  the  case  of  the  latter  the  cotton 
is  frequently  so  im|>erfectly  charged  that  it  is  necessary  to  place 
a  layer  of  10  per  cent,  cotton  next  the  wound,  and  tlien  outside 
this  the  3  i>er  cent.  wool.  In  the  case  of  the  glycerine  jute  a 
4  per  cent,  inateriid  is  sufficient  for  the  whole  dressing. 

As  to  the  spray  Tliiersch  does  not  caxe  whether  it  is  l-oO 
carbolic  acid  or  1-300  sjilicylic  acid-  Caibolic  acid  is  to  be 
preferred,  because  it  causes  less  coughing  and  sneezing,  and  it 
does  not  adhei*e  to  the  clothes. 

Salicylic  acid  is  best  in  some  cases,  as  it  irritates  the  wound 
less  than  the  carbolic. 

For  disinfecting  the  hands  and  skin,  carbolic  acid  or  salicylic 
acid  raay  be  used,  but  fur  the  instnnnents  carlxilie  acid  must 
be  employed,  because  the  steel  becomes  oxidised  in  a  solution 
of  salicylic  acid. 

The  sijouges  are  washed  in  ciirbolic  acid. 

No  protective  is  retjuired,  because  the  salicylic  acid  is  but 
little  irritating. 

Macintosh  is  also  unnecessary. 

In  order  (o  eniiblc  ihe  dressing  to  peel  off  and  Xo  let  the 
discharge  get  away  more  easily  a  layer  of  gutta-i>ercha  tissue 
or  of  oiled  silk  riddled  with  holes  and  covered  with  a  piece  of 
gauze  is  ajiplied  next  the  wound. 

Tliia  treatment  may  be  illustrated  by  a  ca«e  of  amputation. 

Tlie  piitient  having  been  chloroformed  and  Esmarch's  elastic 
bandage  ap]>HL'd,  the  pai-t  is  shaved,  washed  with  soap  and 
water,  siiirit  and  tuq>entine  oil,  and  then  with  salicylic  add 
lotion,  or  with  the  1-20  carMic  acid  solution.  It  is  also 
scrubbed  wilh  a  nail-brush  fur  a  few  minuteH  (quitt?  unneces- 
Hary).  The  operation  is  carried  out  with  the  usual  aseptic 
precautions.     After  arresting  the   hremorrhage  the  wound   is 
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closed  witJi  deep  and  sujierficial  stitehcH.  A  dj^ainage  tubfr  ib 
then  intrt>duced  iuto  each  angle,  and  the  wound  is  washed 
out  with  salicylic  ac-id  solution  till  the  Huid  which  comee*  out 
is  clear  (unnecessary).  Three  finger-breadths  of  perforated 
guttu-jtercha  and  of  carbolic  gauze  is  then  applied  ;  over  this 
one  finger's  thickness  of  the  strong  salicylic  wool,  and  outside 
this  two  fingers*  thickness  of  the  weak  wool.  The  wliole  is 
then  fastened  on  with  a  biindage. 

If  the  patient  coniplaina  of  pain  the  dressing  is  changed 
and  the  wound  examined.  If  not,  it  is  left  till  the  eighth  or 
tenth  day,  when  it  is  changed,  in  order  to  remove  the  drain- 
re  tube.  If  any  discharge  comes  through  in  the  first  instance 
?sh  wool  \a  put  outside  the  dressing.  The  second  dressing 
is  left  till  healing  it>  t-umplvte. 

Large  comi)OUud  fractures  are  treated  at  first  by  irrigation 
with  salicylic  acid.  In  order  to  protect  the  ^kiu  from  maceration 
by  the  fluid  it  is  from  time  to  time  rubbed  with  luilni  oil. 
After  all  risk  of  abscess  formation  Las  passed  oft'  and  the  wound 
is  granulating  well,  one  may  apply  dry  salicylic  dressing  as 
before  described. 

Where  there  is  a  tendency  to  inflammation,  more  especially 
where  there  is  imperfect  drainage  with  progressive  abscess 
formation,  wet  salicylic  dressing  should  be  applied.  This  is 
ordinary  salicylic  dressing,  which  is  from  time  to  time  soaked 
with  salicylic  lotion. 


Thymol  as  an  antiseptic  application  to  wounds  was  intro- 
duced some  years  ago  by  Kanke  of  Halle,  and  was  much  lauded 
on  account  of  its  non-poisonous  and  non-irrilating  qualities. 

The  thymol  gauze  was  made  on  the  same  princijiles  as  the 
carbolic  g:iuze,  spermaceti  being,  h<mevcr,  employed.  A  thymol 
solutit^n  of  the  strength  of  I-IOOO  is  made  by  the  addition  of 
aleohiil  and  glycerine. 

This  antiseptic  has  not  answered  the  expectations  entertained 
at  first.  It  does  not  prevent  putrefaction,  and  has  been  justly 
abandoned  in  aseptic  work. 


Acetate  of  alumina   has   been   lately  used   by  Maas.      He 
applies  lint  dipped  in  the  solution  (2^  jier  cent.)  to  the  wounds. 
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and  covers  this  with  macintosL.     The  strength  of  the  spray  ie 
also  2^  per  cent. 

He  says  that  this  is  a  powerful  antiseptic,  and  that  with  it 
he  gets  typical  aseptic  results.  The  substance  is  unirritating, 
and  very  few  dressings  are  required. 

Eucalyptus  oil  has  recently  been  strongly  ndvi^cated  by  I>r, 
Schulz  of  ^Honu.*  Its  antiseptic  properties  were  shown  by 
Bucholt7  in  his  paper  on  antiseptics.  He  found  that  it  was 
three  times  as  strong  a^  carbolic  acid,  for  while  carbolic  acid 
preventiMl  [mtrcfjictirm  when  present  in  the  proportion  of  1  in 
200  }*art8,  the  eucalyptus  oil  only  required  to  be  present  in 
the  jvrojKirtion  of  1  to  6fi(5*fi  [>arts  to  produce  the  siune  effect, 

Siegeu  also  showed  tliat  eucalyptus  oil  prevents  putrefaction 
and  alcoholic  fernieutatiou  better  than  carbolic  acid.  Jle  found 
that  blood  to  which  ^  per  cent,  of  eucalyptus  oil  had  been 
added  was  quite  odourless  ten  days  later.  Hing  states  further 
tliat  it  hinders  the  passage  of  white  corpuscles  out  of  the  vessels, 
and  that  therefore,  an  Cohnheim's  theory, it  is  an  agent  cajiable 
of  arresting  suppunition. 

With  regard  to  its  iiiiefulness,  its  smell  is  more  j.ileasant 
than  that  of  carb*jlie  acid.  It  dissolves  reailily  in  aUtdiol  or 
in  oil,  and  mixes  jKTfectly  with  jiure  juiraffin. 

Scliula  als(j  stales  from  Siegen's  experiments  and  from  his 
own  that  the  eucalyptus  oil  is  not  i»*>isonou3.  The  tree  from 
wliieli  tlie  oil  is  obtaineil  grf>ws  in  large  numbt^rs  in  Austndia, 
and  the  oil  can  be  obtained  in  large  quantities  and  very  cheap. 

Schulz  recoiritnends  that  far  the  spray  the  glass  bottle 
should  be  filled  with  the  pure  oil  or  with  oil  dissolved  in  alcohol. 
Tlie  steam  would  thru  pick  this  up  and  nnike  an  enuilsion. 

As  a  lotion  it  might  be  used  in  the  form  of  an  emulsion. 

Schulz  projHJses  that  the  wounils  should  be  dressed  with 
lint  saturated  with  a  10  jiercent.  solution  of  eucaly|itus  or  olive 
oil.  (hitside  this,  or  instead  t>f  it,  may  be  used  T-.ister's  gaiu^e 
dressing  containing  euealyjitus  oil  instead  of  carlx>lic  acid. 
A  gauze  which  contains  even  50  per  cent,  of  cucaly]5tus  oil  may 
l>e  made  with  ]i;irattin.  Dr.  Schulz  has  not  himself,  however, 
used  this  mrtliod. 

'   CV/ttraWlatt/iit'  Chirurifie,  January  24,  1880. 
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Quite  recently  Mr,  Lister  lias  bcon  miiking  an  extensive 
trial  of  eucalyiiturt  oH  in  tlie  treiitiuent  uf  wounds.  A  gauze 
has  been  prewired  similar  to  t  lie  ordinary  gjiuze,  but  containing 
eucalyptus  oil  instead  of  carbolic  acid.  Dammai*  has  also  been 
substitutetl  for  the  ordinary  resin.  80  far  this  has  proved  very 
Ratinfactory-  It  seems  to  be  trustworthy  as  an  antiseptic,  ami 
can  be  used  under  circumstances  where  carbolic  acid  is  apt 
to  cause  irritation,  as  in  dressings  on  the  scrotum,  or  in  patient>s 
whose  skins  are  liable  to  be  irritated  by  carbolic  acid.  Being 
non-i»oi.sonou8,  it  may  also  be  substituted  for  carbfdic  acid  in 
cases  where  constitutionid  effects  are  apt  to  follow  the  absorption 
of  the  latter. 

It  has  also  been  employed  a,s  an  ointment  in  the  proportion 
of  I  part  by  mejusure  of  the  oil  to  4  ] tarts  by  weight  of  the  same 
base  a«  is  used  for  the  horacic  and  salicylic  ointments  (p.  65). 
This  ointment  is  employed  in  the  cases  for  which  l>oracic  and 
Kalicylic  ointments  have  up  to  the  present  been  used,  and  it 
pofiflesses  the  advantage  over  the  latter  in  that  the  oil  iiot  only 
renders  the  discharge  pure  as  it  passes  over  it,  hut  also  on 
account  of  its  volatility  bathes  the  parts  in  an  antiseptic 
vapour.  Hence  it  will  probably  be  esi^ecially  useful  in  the 
treatment  of  bums  (see  p.  116).  Its  non-poisonous ipmlities  are 
also  a  great  iR)int.  As  yet  no  experiments  have  been  made  with 
the  view  of  substituting  it  for  carbolic  acid  in  the  lotions  used 
in  the  spray,  in  washing  wounds,  ]»urifying  instruments,  &c., 
and  indeed  the  whole  matter  is  only  for  the  present  under  trial. 


So  far  we  have  l>een  considering  modes  of  preventing 
putrefaction  in  wounds  based  on  the  fact  that  the  septic  jiarticles 
in  the  air  and  on  sun-ounding  objects  may  be  deprived  of  their 
power  of  causing  firrinentaliou  by  contjict  with  some  suitable 
chemical  substance.  Hut  we  also  saw  in  the  preliminary 
considerations  that  it  sutficL-d  for  the  avoidance  of  fermentation 
in  lla^ks  to  keep  the  dust  out  mechuuifiilly,  as,  for  instance, 
by  means  of  cotton  wool,  Tliis  fact  was  made  use  of  by  Mr. 
Lister  some  years  ago  in  the  following  manner.  I  may  quote 
his  remarks,  which  are  given  in  a  foot-note  to  his  ju^iclo  on 
Amputations  in  Holmes' '  Surgery,'  vol.  v.  p.  619,  published  in 
1H71. 
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*  Among  recont  contributions  of  fact  to  tlif  clnriHation  o1 
this  question  (the  germ  theory)  may  Ix?  mentioned  Professor 
Tyndairs  simple  but  beautiful  iiro<»f  of  the  existence  of  organic 
particles  of  dust  of  excessive  minuteness  in  the  air  by  means 
of  a  condensed  beam  of  light,  and  the  equally  clear  (K'ulnr 
demonstration  afforded  by  the  same  method,  that  even  the 
finest  ]>articles  are  capable  of  being  removed  from  the  air  by 
causes  which  Pasteur,  in  some  of  Ids  exi>eriment8,  inferre<l  must 
clear  it  of  suspended  organisms,  aneh  as  the  action  of  gravity 
and  filtration  by  cotton  wool.  The  fact  last  named  seenu'd  to 
I)romise  \'a]uable  results  in  antiseptic  surgery,  and  exiieriments 
made  with  this  view  have  afforded  farther  evidence  in  favour 
of  the  germ  theory  which  it  may  be  well  to  mention  liere.  I 
found  that  if  cotton  wool  impregnated  with  either  chlorine  or 
sulphurous  acid  gas  or  with  the  vapour  of  benzine  or  carbolic 
acid,  was  ]>laced  upon  a  wound  or  granulating  sore,  afler 
washing  the  surface  with  a  solution  containing  the  same  agent, 
although  the  volatile  antiseptic  left  the  cottmi  in  about  a  <li\y^ 
the  blood  or  pus  still  effijseil  beneath  the  cotton  rcmnined  free 
from  ]nitrefiu:tion  fi»r  an  imletinite  time,  ]>n>vided  that  the 
discharge  was  not  sufficiently  copious  to  soak  through  the 
cottnn  and  a]ipear  at  the  surface,  in  which  case  the  meshes 
between  the  fibres  affording  am)>]e  sj>ace  for  microscopioi 
organisms  to  develop  in,  putrefaction  spread  within  a  fei 
hours  throughout  the  moistened  part  of  the  mass.  This  cii 
cumstance  greatly  interfered  with  the  practical  utility  of  th< 
dressing,  and  it  has  since  been  superseded  by  the  antiseptioj 
gnu7e  to  be  dcficribed  in  the  text,  but  the  facts  seem  to  m< 
imjjortant  with  regard  to  the  germ  theory.  The  cotton  wof4j 
though  it  loses  all  chemical  antiseptic  virtue  in  a  day,  yet  wilM 
kee]>  o\\\  putrefaction  for  a  month  or  more.  It  cannot  possibb 
keep  out  ntiy  atmospheric  gas,  which  is  necessarily  diffused! 
freely  between  its  fibres,  and  gets  in  for  the  same  reason  that] 
the  volatile  antisejitic  gets  out.  That  which  it  does  exclude' 
can  only  be  suspended  particles  of  dnsl.  It  follows,  therefore,! 
as  a  matter  of  certainty,  that  the  cause  of  putrefaction  through] 
atmospheric  influence  of  hlocKi  or  ]nis,  or,  in  othi-r  words,  sueh' 
material?!  as  the  Hurgeon   has  to  deal  witli   in   l  reatiiig  wounds,^ 
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are  not  the  atTno8]>heric  gases,  but  dust,  and  the  fact  that  thiti 
dust  is  depriviid  of  its  putrofjictive  energy  by  agents  which  are 
chemically  so  unlike  as  chlorine,  sulphurous  acid,  benzine,  and 
carbolic  acid,  but  which  agree  in  having  a  common  hostility  to 
nnimal  or  vegetable  life  (I  uycd  benzine  heeanw*  I  knew  that 
the  entomtilogist  employs  its  vapour  to  kill  insects),  this  fact 
Confirms  the  view  that  the  putrefactive  particles  are  really 
organisms.  I  commend  these  simple  experiments  with  cotton 
Wool  to  the  candid  judgment  of  the  reader,  because,  wltatever 
may  be  thought  of  their  bearing  u[)on  the  allied  subject  of 
«{H:>ntaneous  generation,  they  must  be  allowed  to  afford  absolute 
demonstration  of  the  truth  which  is  the  foundation  of  the  anti- 
septic system,  viz.,  that  the  putrefaction  of  blood  or  pus  under 
atmospheric  influences  is  cauKcd  not  by  the  gases  of  the  air, 
but  by  suspended  jtarticles,  which  can  be  deprive<l  entirely  of 
their  septic  energy  by  the  vapour  of  an  Jigent  like  cnrlvjlic  acid.' 

It  will  thus  be  seen,  that  what  Mr.  Lister  used  here  was 
not  an  antiseptic  application  but  an  nseptie  one,  and  that  the 
only  mode  in  which  this  dressing  acted  was  by  mechanically 
preventing  the  particles  from  reaching  the  wound,  P"or  the 
reasons  quoted,  this  method  has  not  been  turned  to  j>ractical 
account,  though,  as  we  have  seen,  it  is  still  used  in  cases  of 
gangrene  in  order  to  protect  the  weak  jwirts  from  all  sources  of 
irritation. 

Mr.  Barker,  assistant  surgeon  to  University  College  Hospital, 
has  tried  a  similar  method  in  one  or  two  cases.  He  purified 
cotton  wool  by  heat,  and  applied  lietween  it  and  tlie  wound  a 
layer  of  lint  dipped  in  carbnlie  oil.  This  method,  however, 
seems  to  be  impracticable,  for  after  the  wool  ha^  l»een  heated, 
but  before  it  is  applied,  dust  would  very  probably  g:iin  access  to 
it  imless  very  complicated  precautions  were  taken.  I  b*»lieve 
that  if  pure  cotton  wool  in  used  Mr.  Lister's  method  is  the  only 
pra/'ticable  one. 

I  have  mentioned  these  experiments  more  as  confirming 
the  flask  experiments  descrilied  iiefore  than  for  the  jmrjxise  of 
recommending  the  method  for  adojition.  I  believe  that  tho- 
roughly satisfactory  and  ind^^^il  the  best  results  maybe  obtained 
by  the  use  of  suitable  chemical  means. 
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Subcutaneous  surgery  is  another  way  in  which  the  aseptic 
principle  may  be  carried  out.  Here  the  wound  is  made  under 
the  skin  and  away  irom  the  air  dust  altogether.  This  method 
will  be  better  understood  when  we  come  to  tzace  the  history 
of  antiseptic  surgery. 


THEORIES  OF  SPONTANEOUS  GENEKATION,   UETEROOENESlS 
AND   ABiOOENE81S. 

inciploii  on  which  other  mclhodjt  of  antiseptic  anrgery  act,  Or^mnLsius  are 
always  present  in  f«rmcDting  liquids:  their  slg^niticance.  Theory  uf  ihu 
origin  of  organisms  imlependently  of  a  parent.  Thcorips  of  Newlhara  and 
RutTon  :  Necdbam's  prcKifs.  HfiaHftniani's  cxpt^rimenla:  Needham's  objec- 
tions :  ripallanzani'A  replies.  SchulzeV  experiments.  .Schwaun  — Schruodex 
and  Dusch— Schnwdcr— Uoctrino  of  Heterngcnusit>.  l*uucher*fl  work  :  hid 
method  of  tesling  the  matler  :  proofa  that  the  jiource  of  tho  organisms  in 
InfusioHii  is  neither  thv  air,  water,  nor  the  putresoible  subelanoes  :  ino<les 
of  repeating  Hchuhe's  and  Strbwanns  cxperimenta  :  examinution  of  dust. 
Criticism  of  hia  results,  rasteiir's  expcrimeuls:  reaiih«  with  ordinary 
fluids:  introduction  of  dust  into  sterilirted  fluids:  results  with  milk  ai}d 
alkaline  titiids:  the  cause  in  the  air  which  gives  n>*e  to  the  growth  of 
organisms  is  particulate  :  Pasteur's  cultivating  lluid  :  estimate  of  Pasteur's 
work.    Podobct's  reply  :  New  experiucuts— Criticism  of  these. 


Such  are  the  methods  by  which  that  form  of  autiseptic  uiirgery 
which  aima  at  the  total  excitation  of  septic  fenuentB  luay  be 
best  caixied  out,  15ut  'Antiseptic  Surgery'  in  itw  broad  Hcnse 
includes  another  cbisa  of  methods  of  treatment  acting  on  a 
totally  distinct  princiiiie,  and  interfering  more  or  leas  [jerfectly 
with  the  occiurence  of  fermentations.  These  all  act  on  the 
principle  of  reiideriiif/  inert  the  causes  of  putrefactioii  after 
their  entrance  into  the  tvoicnd,  of  offerln'j  obstacletf,  more  or  leee 
compute  to  the  femieniat ion  which  these  jjartides  would  other' 
vriae  occOBuyii,  In  order  to  understand  these  methods,  to  see 
on  what  principlen  they  :ut,  to  decide  which  are  the  best,  and 
to  carry  them  out  with  the  greatest  success,  it  is  necessary  to 
take  up  our  discussion  of  the  catiHea  of  i)Utrefaction  at  the  |)oint 
which  we  have  already  reached,  and  to  consider  what  in  the 
nature  of  the  particles  which  we  foimd  to   be   the  cauties  of 
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fermentntive  changes,  and  how  it  ih  that  they  bring  about  these 
changes. 

As  is  well  known,  micro-organisms  of  some  form  or  other 
(bacteria,  torulie,  »Itc,)are  always  present  in  fermenting  liquids, 
and  the  view  which  is  now  almost  universally  held  by  scientific 
men  is  tliat  these  bodies  are  the  initiators  of  the  chemical 
change. 

We  have  already  seen  that  fermentation  occurs  only  after 
the  acceHs  i>f  ixirticles  from  the  otiter  world,  and  it  is  asserted 
by  the  sui)porter3  of  the  germ  theory'  of  fennentative  changes, 
that  these  jwirticles  are  organiKms  or  their  spores,  and  that  it  is 
bythegmwth  of  thene  org;inirtms  ii»  tUr*  fermentescible  material 
that  the  latter  undergoes  alteration. 

Some,  however,  ai^aert  that  these  organisms  are  only  aeci- 
dental  accmniKinini'i'uts  of  the  process  of  fermentation  ;  in  fact 
a  few  still  maintiiin  that  they  arise  in  fermenting  substances 
from  agglomeration  of  the  molecules  of  that  material,  that  in 
fact  they  are  generated  anew  and  are  not  necessarily  derived 
from  a  parent.  It  is  therefore  necessary  for  us,  before  discuss- 
ing the  germ  theory  of  fermentation,  to  consider  what  are  the 
real  fact,s  with  regard  to  this  matter  of  abiogenesis. 

The  first  views  of  which  we  must  take  notice,  as  being  the 
first  founded  on  experiment  and  obsersation  a|)art  fmm  mere 
])liiliKophieal  si)penlation,  are  thnac  of  N'eHham  an<l  Hiiffon, 
published  in  the  middle  of  the  eighteenth  century.'    Xeedham's 


'  It  may  he  of  intorr.sL  to  quote  Xcfdbam's  nwr  words  somowhAt  in  derail, 
RrfrrntiK  to  Sjtalliuiwini's  criticwms  uf  hi.n  work  (A'"w*v-//r*  Jtn'hercbf  fur  Ua 
f^irrit  mirroxtif//igvrs,hy  Hpallanzani,  tranpliilcHl  by  M.  I'Ablx'*  Ropley,  1760), 
he  savrt  (vol.  i.  p.  142)  :  '  II  (Spallaniani)  soil  tri'a-birn  par  limtc  )n  tpneur  do 
mes  olttcrvatinns  micmscoptqur^  i]nv  je  ne  dnnne  ancnne  autre  pniwanoe  &  ta 
mali^re  que  celle  qui  produit  la  pure  vitality  di'nu^  ile  t4iule  wn^iatHm,  ct  qni 
derive,  oomnie  son  existence  primitive,  do  la  seulc  Divinit/>;  i\vk  cetie 
vitality  eat  un  oorapos6  nuit^-riel  de  la  iorce  W«i«t(inte  ct  de  la  fore*!  ox|«n9ivp, 
donl  It's  premiers  priucipea  ont  /'•1(*  donnj^  &  la  mati^re  par  le  Cri-atcur  au 
moment  dc  la  creation  :  qne  tout  corpn,  ou  parlie  oTfrnnist'e,  051  nno  prcfcea- 
nion  uu  prr>lon§^lion  d'lin  corps  oTcanitM^,  scu't  v^*pifinl  ou  animal,  qui  doit 
m'tH^ssQiremeul  pK-exister,  et  dnnt  la  «nncheprimitive»ort  immtdialciiiQnt  de* 
mains  de  Dieu  ;  qiie  cette  procejwiun  ou  i>raluii^ation  inM'naihle,  que  doit 
diinnerce  germc  nouveau,  dont  la  petitesse  est  ind^finic,  ponr  «e  conformer  ik 
luuloa  leM  ciruonstances  pututiblvsi,  »o  fait  moyennanl  une  csp^ce  dc  nVliiction 
dirigAe  par  les  foroc!'  plastiques,  et  une  conoeniraiion  dea  parties  Pp^iriquca, 
qui  tcnd*;nt,  en  Ics  att^muant,  vers  un  i»oiriii  d6lcrniin6  ou  uti  certain  foyer 
commun.  du  inme  A  pen  pri^s  que  I'tcil  t»t  au  mundu*  visible,  un  centre  o(\  les 
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theory  was,  that  there  id  in  matter  a  force  charged  with  the 
formation  and  government  of  the  organic  world,  which  force  he 

rayons  riennent  s*arrang:er  fie  touted  par(«.  sans  ooufustnn,  dana  1e  m^'mv  ordrc 
qu'iU  rei.'oivoiit  de  I'harmcinic  piSVitablic  dc  I'nmvers  ;  que  qtifintmix  pretuiiTH 
principes  d«  c«tte  vitality  purcnient  mat^riolle,  il  y  a  iinu  mnti(>re  inrlutiftablv 
raent  dumontrfie  par  dw  exptTifiU'e*  con»tMntefii,  tr^s-alU'nit^'t',  t r^s-oxaluV , 
4tb^>rf'C  jwlon  Newton, electrique  aolon  les  idt-efl  prfisfnros,  M^.s-^'lastique  piir  sa 
Dfttare  inttme.  toujoars  pr^1«  Adonner  Icbranle  iVla  mutidre  bi  utc  vt  n^'sintMiite, 
et  qui  p^'n^tre  i^ubtitaQtielleinent  la  zuasse  enti^rv ;  que  pur  cuiis^^iuect  ccs 
deux  cspccpjt  do  matl^re,  io^li!«ea  dans  toutes  les  proportions  prxMihles.  peuvcnt 
foamirles  t^mperamftnt*  n^esaaires  pour  toot  degr^  de  vitality  qnclcrinque,  et 
pour  tons  les  grands  pbAuom^ne*  uu  cban|;enionla  physiques  de  runivers  en 
pttrtkot  d'nn  aeul  principe  ;  que  cet  te  vitality,  D*£*iant  autre  choge  qu'un  esprit 
tr&s>«ttbti1  et  tr^<actif,  agisaant  dans  one  m&ti^^e  brute,  tenace  ct  dnctile, 
poor  former,  selou  les  forces  speoitiqncs  de  chaquc  corps  \ital,  un  nouvean 
•Tst^mo  organist,  est  Irto-diff^reute,  selon  mes  id^es,  dii  principu  Hcnsitif,  qui 
ne  ])eut  f^tre  cnmpofi^,  ct  oncore  plus  distingu^  du  princijx;  intcllectnel  et 
spirituel,  Vdme  de  rhamme.' 

Further  on  (p.  150)  he  reiterates  his  view  that  these  bein^H  are  dititincL 
from  the  hi^rher  cUs»e!(  nf  animalii  which  poMeu  seiu&tinn.  'Kn  g^n6ral, 
tout«  siilMlarice  quel«>tK]UC,  aninmle  ou  v6g6ta1e,  se  d^oomptme,  selon  nioi,  en 
^tres  que  j'app«:1le  r*i/<i»^  puur  lei^  distingner  dee  animaux  fiarfaits  il  qui  la 
Divinity*  a  ajuut^  par  anrcrolt  les  puissances  purement  aenaitivos,  ou  sensi- 
tives'int  eUectuelles.' 
I  Again  (p.   172>,  '  L'auteur  (8pallanzani)  eruit  que  j'ai  par1£  de  la  forcu 

!  ordinaire  v^tanre  des  plantes,  par  laquelle  cllcs  d^velop^ient  en  fenillos,  en 

lirancJies  ct  en  racines.  II  n'est  rien  de  tout  ctla.  Qnan<I  il  ft'ajfit  du  la  pro- 
dootion  de  CCS  corps  organiques,  je  consid&re  au  contruiru  la  plantu  dana  an 
4Uit  de  corruplinn  cntnnic  plonto  :  car  o'cst  alors  qu*elle  perd  absolument 
sa  forme  primitive  et,  qii'apr^s  avoir  £t6  d^ponilhk'  de  t<es  scU«  do  M'h  hoileii, 
et  des  antrcH  princij>es  iNinctitutifs,  ue  qui  rc»le  devient  une  mali^re  g^la- 
iinease  ct  touie  tllainentcasc  qui  vrg^te  par  ulle-m^mK  en  branches  vitales  el 
ae  partage  en  corps  ronds  anim6s  ou  pous*v>  au-dehors  des  globules  mouvant*/ 
*  VoilA  en  peu  de  mots  le  vrai  tablean,  voilA  1e  raisonnemcnl  de  M.  de 
BufTon  et  1e  mien.  11  y  a  certalnem<>nl  un  princiiH!  de  vit»lit6  materiel  dis- 
tingw't  du  princtpc  sen»ilif.  s«ttl  cnnslitutif  de  U  i»trictc  animalit/',  qui  m;  dis- 
|ioee  organiqDcment,  et  qui,  sulK^rdonn^  anx  loio  fK>n6rales  ^taKlies  par  la 
Divinity,  v^gdte  dans  les  corps  animaux  qu'il  fume  cumme  duns  1»  v^g6taax, 
en  les  animiint  ik  In  fa^on  urdinairt- '  (p.  1 66). 

'  Ce  principe  de  vitalil/'  e.<it  lu  trnl  princii>e  d%ooDomie  et  d'aclion  flans  \v» 
v^'taux,  et  dans  tmu  i^Tlaiiie  cla-^e  de  ces  et^e^  qui,parBisaant  scnsitifs  sant* 
rOtrc,  scrvcni  k  lier  cnsomblo  Ic  vegcud  el  rnninul  senuilif '  (p.  Ititi). 

I*  MftiH  j'ni  tonjours  recnnnu  mmme  nL-eosisaire  pour  compK'ter  le  vrai 
aniniid,  qui  doit  ^tre  seusitif,  un  prinriprt  <lc  sensation,  unc  ilme  qui  n'eHl  pni« 
BomfMis^  commo  le  H^'st^tne  orgnnique,  et  qui,  quuique  an^'antiu  avuc  le  corps 
MIoii  le  t)on  pliii!«ir  tir  son  cHm^mv^  est  n/'anmoius  sup^ieure  &  la  vitality,  et 
fccHfs  di;  tuutcf  lis  puinsanees  dt*  lu  nutliLTe  la  pliiH  exJilt^e.' 
DuUon  {UUtmnt  M'atHreiU,  vol,  il.  p.  420. 1740)  sajs :  *  Tous  les  anioiaax 
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cdX\9  force  vi<jUiiiri-c€,  He  iioagines  that  this  force,  by  setting 
into  znution  iitl  the  iNirticles  of  matter,  excites  in  some  of  tiiem 
a  *»rt  of  vUjility  distinct  from  sensation,  and  jirtMiiU'ed  bjr  the 
union  of  two  other  forcets,  which  he  tenue/wrc«  r^HUftance  iind 
foTC€  expansive. 

The  proofs  on  which  Needham  liases  hiw  views  as  t^  the 
8|M)ntaneous  origin  of  these  minute  organisms  are  of  three 
distinct  kind^. 

The  first  discussing  the  diflferent  phenomena  furnished  by 
different  infufiinnn,  more  especially  the  enormous  variety  of 
forms  arising  in  them  ;  and  the  eecond  alluding  to  the  behaviour 
of  infusions  after  being  subjected  to  heat,  dej>endent  as  these 
arguments  are  on  microscopical  examination,  need  not  be  con- 
sidered here,  beciiuse  the  const  met  ion  of  the  microscope  was  at 
that  time  so  imperfect  as  to  make  it  of  little  or  no  use  for  such 
observations. 

The  third,  and  indeed  the  only  er|>eriments  which  require 
to  he  notit'iMl,  iiro  those  in  which  infusions,  contained  in  vessels 
iiermelic'uily  seaie<l,  are  subjected  to  the  action  of  heat  for  a 
prolonged  jieriod.     In  infusions  treated  in  this  way  by  Need- 
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jnt  dc  v^*tuux  oil  il'uutrcs  animaax.  ijui  »c  nourriv^onl  Gux-mSmes 
dtfl^ftanx ;  U  y  a  done  danti  la  nattire  unu  matu>n3  cuoimunu  auz  uns  et  auz 
autrea  qui  sort  A  la  nutrition  ft  mi  d^velopjiemetit  de  loiit  oe  qui  vit  ou  v^|5^t*; 
cettti  mati&re  ne  |ieut  op^-rer  In  nutrition  ct  le  dcvelopijemcnt  qiien  R'aKNimi- 
l&nl  il  ctinqae  partie  da  corpr^  de  ranimnl  ou  da  vi/gt'tal,  et  en  pf^ntMmnt  in- 
timemont  la  forme  de  ccs  porlioB,  que  j'ai  appclto  iDmouIu  int/'rieur.  Loraqtia 
oeiie  mati^re  nutritive  out  pKui  abon'iaut*q«'iI  ne  faiit  poor  noorrir  ct  dCvelo{K 
per  le  corps  animal  ou  ve^^tal,  elle  uHt  renvoyw  du  (imt«»  \e»  parties  du  corpn 
dans  un  ou  dans  plusicurs  rf&crvoirs  f>o«B  la  forme d'une  liqueur;  cctto  liqaenr 
contient  touted  les  molecules  annlopics  au  corps  de  Vuninud,  et  par  oona^quent 
tont  ce  qui  e«t  n^jcessaire  A  la  reproduction  d'un  pttit  f'ire  ent-i^rement  seni- 
blable  au  premier.  Ordinain-mfnt  txtiv  mati^re  nutritive  ne  devient  siirft- 
bonrlante.  duns  Ic  plus  ^rand  nonibro  dea  etbp^ces  d'animaux,  que  quand  le 
oorpfl  a  prun  la  plus  prande  piirlic  de  «ion  nccroiftaemcnr,  et  c'est  par  oetto  nuaon 
qne  les  aniuiaux  nu  son!  en  txnX.  dVngundrer  que  (Uluh  jo  temps. 

'  r^irsijUu  cottc  nmti^rir  nutritive  et  jircKluotive,  qui  est  nniversellement 
r^pandue,  a  )diMse  larlemoule  int/irieur  de  Faniuuil  oh  du  v(^-t«l,  et  qu'elle 
trouve  one  mutrice  convenable,  elle  firfjduit  un  uuinjul  ou  un  vC^f^siS.  de  nieme 
esp^ce  ;  innis  lorsqn'elle  nv  se  trouve  ptus  flans  nne  nintrioe  convenable.  el|« 
produit  des  etres  organisrs  diff^n^nlK  di  s  aninmux  et  de»  vigetaux,  commo  It« 
corps  niouvana  et  v^g^tants  quo  I'on  voit  dunf-  k»  Uqueunt  ti^'minalea  dc«  ani- 
mwix.  dans  Job  infusions  des  (j;vrmos  dcs  plant  et<,  Xc* 
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ham  and  hdilcil  for  ninny  minutes  orgtinisms  developed  very 
readily, 

Spallanzani '  repeated  these  ex[)eriments,  and  he  found  that 
though  some  infusione  could  be  sterilisied  afler  boiling  for  a 
ahort  time,  yet  it  was  necessary  to  keep  others  at  the  boiling 
temperature  for  an  hour  or  more  before  they  would  remain 
permanently  sterile.  SpallanzanlV  method  was  to  heat  his 
rtasks,  then  to  jwur  in  the  liquid,  hermetteally  hwiI  the  tlask, 
and  jjlace  it  in  a  water  bath.  The  error  in  this  method  is 
probably  that  the  impure  fluid  when  poured  into  ihe  flask, 
soiled  the  neck  which  he  had  previously  purified  by  heat. 

To  thetie  eiperimentB  Needham  objected  that  Spallanzani 
hod  much  enfeebled  or  perhaps  destroyed  the  force  vigHatAce 
of  the  infusions  by  keeping  tliem  ex|)osed  to  the  action  of  heat 
for  so  long  a  period  of  time  as  an  hour, 

ThiH  objection  was  at  once  nu?t  by  Spallanzani,  who  showed 
that  organisms  rapidly  developed  in  these  same  infusirms,  if 
they  were  left  exposed  to  the  air  after  this  prolonged  boiling ; 
and  he  truly  says  that,  if  the  organisms  only  come  fnnn  the 
t^uid,  and  if  the  i>ower  which  this  possesses  of  generating  these 
beings  is  destroyed  by  heat,  they  would  remain  ahsent  whether 
the  flasks  were  open  or  shut.  He  even  went  further  and  heated 
the  vegetables  very  strongly  before  infusing  them,  but  even 
in  this  case  organisms  developed  in  the  fluids  so  prejmred. 

Needhain*  however,  said  that  the  small  qnanUty  of  Eur  re- 
maining in  the  flasks  was  completely  altered  by  the  cxhaLitions 
from  the  fluid  and  by  the  heat  of  the  fire,  and  that  thus  the 
fitrce.  v^getatnc^.  c.owVX  not  acl.  This  object  inn  cannot  be 
&aid  to  have  been  in  any  way  met  by  J:^pjdlanaani.  In  some 
cases,  indeed,  he  succeeded  in  preventing  the  appearance  of 
organisms  by  boiling  the  fluid  from  a  half  to  two  minutes,  hut  in 
many  cases  minute  organisms  appeared.  In  order  to  prevent 
their  occurrence  in  all  instances,  it  was  necessary  to  prolong 
the  heat  for  at  least  tliree-quarters  of  an  hour. 

As  an  answer  to  Needham's  last  objection  the  experiments 
of  Schuke '  form  a  most  important   step  in  advance.     The 


'   OpUMcuUf  de  Physitjuf  ituimalr  et  vrgftaU ;  tradaits  par  Jean  Scnebier, 
Qen^ve,  1777. 

*  See  tranalatioa  In  MicroscopU'al  Jtmrnal,  1841 
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following  was  the  problem  which  he  {>ro|x»sed  and  the  method 
aduple*!  to  jwlve  iU 

Querj :  *If  the  access  of  atmospheric  air,  light,  and  heat- 
to  suhstanceB  in  flasks  inchided  of  itself  all  the  conditious  for 
the  primary  formation  of  auimal  or  vt'geUible  organisms  ?  The 
ditlicuUies  to  be  overcome  consist  in  the  necessity  of  being 
assured  tirst,  that  at  the  beginning  of  the  experiments  there 
was  no  auimal  germ  capable  of  development  present  in  the 
infnsion,  and  secondly,  (bat  (he  air  admitted  contained  nothing 
uf  the  kind/ 

Hi«  metl»o«I  of  pi-ooodiirp  is  doscribed  bv  himself  as  followa  : — 
'  I  tillei]  ii  v'Ws  thihk  hiiU  full  of  iJi.stilk*iJ  water,  in  which  I  mixed 
various  aniiual  and  vegetable  buU^tuuce^.     I  Iheu  cloaetl  it  with  m 


Kia.  58.— KCHt'L7.F.'rt  MRTIinn  ttv  DRUnNflTnATtNQ  TRAT  OROAKIflMa  AttS 
DKItlVKD  FK(»M  THE  Am  AND  DO  HOT  OUltilNATK  SrOKTAKBOITaLY 
IK    UQITIDS. 

gooil  ooi'k,  tliRiiigli  wiiich  I  pnssed  two  glass  tuljes,  hent  at  right 
an^K'N,  the  whote  bf'ing  air-tight.  It  wa«  next  placed  in  a  sand-bath 
and  heatetl  mitil  the  water  boiled  violently,  and  thus  all  parts 
reiiched  the  temperature  of  2 1 2°  F. 

'  While  the  watery  va|X)ur  was  escaping  hy  tlie  glass  lubea  fi 
fastened  at  each  end  an  H|i|uii-ittas  which  chemints  employ  for  collect- 
ing carl>onk  acid  ;  that  to  tlie  left  wa^  filled  with  conceiiti*al«il  sul-i 
phuric  acidf  and  the  other  with  a  BolutLon  of  potash.  By  uieans 
the  ^x)iliug  lieat  everytlung  living  and  all  geruiH  iu  the  flask  or  in^ 
the  tubes  were  destroyed,  and  all  access  was  uut  off  by  the  bulphurio- 
acid  uu  the  one  sidu  and  by  the  potush  on  the  other.  I  places!  this^ 
cftaily  moved  ap[«trataa  beibrc  my  window,  whore  it  was  exposed  to^ 
the  action  of  light,  and  al^o,  as  I  i>ci-forincd  iny  exfierintents  during. 
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the  summeFf  to  that  of  heat.  At  the  same  time  I  placed  near  it  ait 
open  vessel  with  the  same  aubstanees  ttiat  had  been  introduoed  into 
the  Btiak,  and  also  after  having  Bubjecte<l  Uiem  to  tLe  bulling  tempera- 
ture. In  order  now  to  renew  constantly  the  air  within  the  flask,  I 
sncked  with  my  mouth  several  times  a  dny  the  upon  end  of  thu 
apparatus  tilled  with  solution  of  potash ;  by  which  process  the  air 
entered  my  mouth  from  the  flaak  through  the  caustic  liquid,  and  tlie 
atmospheric  air  entered  the  flask  from  without  through  the  sulphuric 
acid  (Fig.  58).  The  air  was  of  course  not  at  all  altered  in  its  com- 
position by  {Musing  through  the  sulphuric  acid  in  the  flask,  but  if 
Huflicient  time  was  allowed  for  the  jtassage,  all  the  portions  of  living 
matter  or  of  mutter  capable  of  becoming  animale<l,  were  tukim  up  by 
the  acid  and  deetioyed.  From  May  '1%  till  the  beginning  of  August 
I  continued  uninterruptedly  the  i-cuewal  of  the  air  in  the  tla^k, 
without  being  iible,  by  the  aid  of  the  micruMX)j>e  (miiguifyiiig  gliuw  ?), 
to  perceive  any  living  animal  or  vegetable  Hubstanee.  altliough  dunug 
the  whole  of  the  time  I  made  my  observations  almot>t  daily  on  the 
edge  of  the  liquid ;  and  when  at  hist  1  sepanite^i  the  diflerent  parts 
of  the  apparatus  I  could  not  And  in  the  whole  liquid  the  sliglit4?st 
trace  of  infusoria,  of  conferva*,  or  of  monhl.  But  all  the  thr(H>  pi-c- 
sented  themselves  in  great  abundance  a  few  dnys  after  I  hiui  loft  the 
flask  standing  ojrcn.  The  vessel  which  I  placed  near  the  ap|iaratUA 
contained  on  the  following  day  vibrlones  ami  monads,  to  which 
were  soon  added  larger  Polygastric  Iufusona,jLud  aftcrwurds  Rutditona/ 


By  these  experiments  the  fears  entertained  by  Needham  as 
to  an  alteration  in  the  iiir  contained  in  the  flask  being  the  cuuse 
of  the  sterility  of  the  infusion,  were  completely  set  at  rest; 
for  here  air,  which  had  not  been  subjected  to  heat,  and  which 
was  constantly  change<l,  was  present  in  the  vessel  in  which  nu 
development  occurred,  while  the  second  open  vessel  showed  that 
the  power  of  the  liquid  to  nourlyh  organisms  had  not  been  lost 
by  boiling.  It  was  therefore  clear  that  in  this  instauce  the 
organisms  which  grew  in  the  outer  vessel  came  in  some  way 
or  other  from  |*articleB  in  the  atmosphere,  which  could  be 
destroyed  by  sulphuric  acid.  Whether  or  not  both  mtKles  of 
origin  might  not  exist,  and  whether  the  bodies  falling  into 
the  fluid  fronn  the  atmosphere  were  organisms  or  their  sf»ores, 
or  merely  albuminous  matters  which  gave  rise  to  organisms, 
was  as  yet  in  no  way  determined. 

And  the  results  of  the  experiments  of  Schwann,  mentioned 
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before,  leave  us  in  the  tuune  ]»08itioii.  In  liiti  ca«e  the  heatjn^ 
of  the  air  was  substituted  for  Schulze's  method  of  pafiaing  it 
through  a  chemical  substance,  but  no  further  evidence  was 
obtained.  Adviince  was  no  doubt  made  by  his  results  in  that 
the  objection  which  might  have  been  urged  by  some  against 
8chulz(?'H  experimeut*^,  viz.,  that  jHirticIes  of  the  8ul[»huric  acid 
were  carried  over  with  the  air,  or  that  the  air  was  in  »ome  way 
or  other  altere<l,  are  entirely  removed,'  while  at  the  siune  time 
it  was  then  known  that  heating  air  produced  no  alteration  in 
the  gases  of  the  air.  Schwann  himself  explained  his  results 
by  »up[>osing  that  the  sjwres  of  infusoria  and  other  raialler 
ori(iiins!ns  are  present  in  air,  and  are  destroyed  by  heiit;  and  he 
htkl  that  putrefaction  and  other  fermentative  changes  are 
brought  abi)ut  by  these  organisms  abstnicting  materials  for 
their  nutrition  from  the  fluids  in  which  they  grow,  and  leaving 
the  compounds  thus  broken  u|i  lo  form  new  combinations. 

One  most  iini>«i*t;int  fiu't  he  does  mention,  viz.,  that  blood 
can  be  received  into  and  preserved  in  a  flask  with  certain  pre- 
cautions, without  the  development  in  it  of  any  form  of  life. 

Further  evi(kMice  witli  regard  to  boiled  substances  was 
brought  forward  by  Schroeder  and  Dusch,  and  later  by  Schroeder 
alone.  Their  met}in<l  of  exjierimentation  by  filtration  of  the 
air  through  cotton  wooU  and  their  results,  have  been  already] 
referred  to  (p.  12,  ei  neq.)^  ami  it  will  be  sufficient  to  add  hi 
that  in  those  cjises  wliere  putrefaction  oocurred,  organisms  were 
present,  wliile  in  the  flasks,  lu  which  no  change  took  place, 
orgauisras  were  absent.  By  their  metlKwl,  meat,  meat  infusion, 
and  malt  were  preserved  after  boih'ng  without  any  apj>e4uanco 
of  organisms. 

IKfiiLMiIties  were  experienced  with  milk  nnd  yolk  of  egg,  but 
these    wen.'   finallj'  overcome   either  by  heating   tliem  to  tl 
temi>emtnre  of  130"*  C\,  or  by  iir*)longed  heat  at  100''  C.     Th( 
experiments  are  of  the  greatest  im|)ortarce,  as  with  the  methi 


*  This  nbjtxtion  thai  the  air  is  altered  in  pRssin^  throtigb  8ul(diario  ftdd 
not  urged  by  I'nuchet,  who  inde^ii  ittHtes  that  no  alteration  oocnrs,  and 
orguni»ni:i  can  dwelup  as  readily  when  such  air  is  adroittrd  rk  in  jireseDoe 
ordinary  air.     ^chuUe's  experiment  also  proves  that  tlic  barrenness  of 
liquid  waH  not  due  to  the  entrance  of  sulpliuric  acid  iwUf  it,  fur  the  liquii 
becatiie  full  of  life  after  having  been  exposed  for  a  few  dajrs  to  ordinary  air. 
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employed  no  objections  can  be  raised  as  to  any  alteration  in 
comjKJsition  of  the  air. 

When,  then,  we  look  at  Needham*s  two  objections,  which 
have  been  urged  against  experiments  with  boiled  fluids,  and 
when  we  compare  with  them  the  answers  furnished  by  all 
observers,  but  more  eHpecially  by  Spallanzani  to  the-first,  and  the 
progressively  strong  replies  ti>  the  second  by  Schulze,  Schwann, 
and  Schroeder  and  Du^eh,  we  must,  I  think,  come  to  the  con- 
eluflion  that  they  have  been  completely  met.  Hence  in  order 
to  retain  the  theory  of  ripontaneous  generation  it  became  neces- 
sary for  the  heterogeniats  U^  change  tlieir  ground.  Tliey  had 
to  admit  that  there  were  present  in  the  air  and  on  surrounding 
objects  particles  (not  necessarily  bact-eria  or  their  germs,  tliongh 
very  probably  so)  which,  falling  on  suitable  soil,  g;ive  rise  to  the 
development  of  bacteria ;  but  they  still  held  that  under  certain 
circumstances  heterogenesis  may  also  fxicur,  though  possibly 
more  rarely  than  propigation  from  a  jmrent. 

They  attempted  to  support  this  view  in  two  ways :  firstly, 
hy  denying  the  accuracy  of  the  former  exjieriments,  by  i>ointing 
out  that  they  do  not  always  succeed,  and  that  organisms  develop 
in  some  materials,  even  after  prolonged  exposure  to  a  high  tem- 
perature ;  and  secondly,  hy  reference  to  the  results  of  attempts  to 
preserve  unboiled  fluids  and  tissues. 

In  1851*  there  appeared  the  work  of  one  of  the  most  ardent 
supporters  of  the  theory  of  spontaneous  generation — Pouchet  — 
and  it  is  necessary  for  us  to  examine  his  views  and  facts  some- 
what in  detailJ 

Pouchet  does  not  lcM>k  on  these  organisms  as  originating 
from  dead  matter  through  the  action  of  some  mysterious  force, 
as  has  been  since  advanced  by  some  heterogeniats.  Their  sources 
are,  aceording  to  liiin  :  '  Des  particulee  organiques,  d^'bris  des 
ancienues  generations  d'aniraaux  et  de  plantes,  qui  se  trouvent 
comhin^es  aux  parties  constituantes  des  mineraux.  Selon  cette 
doctrine  ce  ne  sont  done  pas  des  molecides  mineralee  qui  s*orga- 
nisent,  mnis  bien  des  jiarticules  organiques  qui  sont  api^lees 
a  une  nouvelle  vie.'  He  further  sUitesthat  though  he  believes 
that  it  is  the  contact  of  different  bodies  which  gives  rise  to  the 

'  UH^TogfHif  iw  Traite  df  fa  Qenirati*m  $pontanie  basi  inr  rfr«  nowrelle* 
exphitnccjf      Paris.  1859. 
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development  of  proto-organisms,  yet  he  does  not  think  that 
their  origin  is  due  to  affinity  nlone — \'ital  force  must  also  come 
into  play.  Thia  vital  force  owes  its  manifestation  to  certain 
miknottTi  concomitant  circumstances ;  thus  fermentative  or 
catalytic*  phenomena  precede  all  tt]>ontaneous  generation.  In 
connection  with  these  views  he  describes  the  development  of 
ova  in  what  he  terms  the  proligerous  pellicle,  or  scum  on  the 
surface  of  fermenting  fluids.  With  regard  to  this  he  says :  '  \ja. 
generation  primaire  ne  produit  jamais  un  animal  de  toutes 
pi^es,  mais  seulement  elle  engendrr  des  ovules  sfH^ntan^s 
dans  le  milieu  proligere  absolunient  sous  lenjpire  des  meme« 
forces  qui  fayonnent  des  ovules  dans  le  tissu  de  Tovaire.' 

The  essentials  for  the  pn>duction  of  new  forms  are,  according 
to  him,  a  putrescible  btxly,  w.'iter,and  air,  while  heat,  light,  and 
electricity  considerably  favour  the  result.  Having  shown  that 
the  first  three  are  essential,  though  they  need  not  necessiurily 
be  present  in  large  amount,  he  proceeds  to  state  the  problem 
in  a  very  fallacious  uianner :  *  Si  Ton  admet,'  says  he,  *  que  dans 
DOS  experiences  la  generation  ne  pent  soperer  qu*i  Taide  de 
trois  facteurs,  et  que  c'ewt  I'un  d'eux  seul  qui  rec^le  les  germes 
ties  proto-organismes,  il  est  evident  que  si  I'on  prend  chacun 
de  ces  trois  corps  en  particulier,  sans  s'inqnieter  nuilement 
alors  des  deux  autres,  et  que  Ton  demontre  auccessivement 
que  ce  n'est  aucun  d'eux  qui  contient  ces  germes,  il  faudra  bien, 
en  somme,  reconnaitrt^  quand  le  fait  aimi  6t^  strictement  etabll 
pour  chacun  isolement,  i|ue  ce  n'est  done  aucun  tie  ces  trois 
coqis  qui  pent  servir  d'asile  aux  ccufs  ou  aux  seminales  introu- 
vables  des  etres  divers  qu'on  voit  s'engendrer  nous  les  yeux.' 

He  tests  the  question  in  the  following  manner:  1,  With 
regard  to  the  first  point  he  says  that  it  is  evident  that  the 
putrescible  material  does  not  contain  the  germs  of  the  proto- 
organisms  since,  even  though  it  is  charred  previously  to  its 
employment,  the  water  in  which  it  is  placed  becomes  rapidly 
filled  with  microzoaires  and  cryptogams, 

Erprriine^t. — 10  gminmes  of  any  of  the  following  8(>©<l8,  maire, 
pea.**,  boiins  or  lentils,  were  pWed  in  un  iron  spoon  and  completely 
charred  ;  then  tho  product  was  placed  in  a  glnss  vessel  containing  500 
grammes  of  distilled  water  and  covered  with  a  bell  jar.  In  twenty 
days  the  fluids  were  found  to  contain  microoigauisms  and  cryptogams. 
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*2,  He  next  points  out  that  it  is  not  the  water  which  con- 
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rins  Decause,  n  one  places  orgiuue  substances  in  an 
artificial  water,  animulcula?  and  cryptogams  still  develop. 

To  bIiow  this  an  artificial  wat«i*  was  obtained  in  the  following 
manner  : — '  Into  a  large  iksk  with  two  orificee,  water  and  fragments 
of  xiiic  are  placed  :  one  of  the  oriticea  transmita  a  tube  terminating  in 
u  funnel  hy  mains  of  which  snlphunc  acid  may  bo  introtluced  into 
tlie  Ihmk  ;  the  otlier  oiiHce  is  attached  to  a  large  horizontiil  tube  filleil 
with  aabestos,  which  lotdn  to  a  small  tu^^  drawn  out  at  itM  extremity, 
and  terminating  clase  to  the  outride  of  a  metal  vesnel  filled  with  cold 
water.  The  »idpliuric  acid  having  been  iuti\jdiK«d,  hydi-ogen  gas  is 
tllsen^iraged,  and  is  lit  at  its  exit  fi'oni  the  tube.  The  Itame  being  close 
to  the  metal  vessel,  nioiiitens  its  walla  with  watery  vapourj  the  i-esult 
of  the  conibinjition  of  the  oxygen  of  the  air  with  the  hydrogen  from 
the  iippamtufl ;  ntid  this  vnpour,  being  condensed,  Is  cauj:;ht  in  a 
plittinum  vessel.  The  npjMiratus  having  Ix^on  uiaintained  in  this 
state  for  thiee  days,  200  grammes  of  water  were  obtained,  and  were 
employed  in  the  two  following  comparative  experiment^.* 

Half  of  this  water  was  boiled  for  a  (jmirter  of  an  hour,  in  order  to 
kill  the  germs  which  might  have  fallen  into  it,  although  he  does  not 
consitler  that  to  be  necessai-y.  This  water  was  then  intitkluced  into 
a  vessel  with  5  grammes  of  hay,  which  had  been  raided  to  a  tempera- 
ture of  200^  C.  The  vessel  was  placed  in  a  basin  ci>ntAining  a  little 
water,  and  the  whole  was  covered  with  a  small  shade.  In  four  days 
thero  was  a  granular  pellicle  and  two  species  of  Parumecia. 

The  other  portion  of  distilled  water  was  not  boiled,  tmd  to  it  was 
added  hay  which  bad  not  been  heated  j  the  result  was  abnolutely 
identical. 

3.  Lastly,  Pouchet  states  that  it  is  evident  ly  not  the  atmo- 
ypbere  which  disseminates  the  germs,  since  he  has  seen  organisms 
apj>eiir  in  flasks  containing  only  artificial  air,  or  in  flasks  con- 
taining air  which  hud  been  heated  or  which  Lad  passed  through 
sulphuric  acid. 

He  next  takes  up  Schulze's  experiment,  and  presents  the 
following  as  a  counter  experiment  and  as  a  complete  disproof 
of  the  former  : — 

A  vessel  of  the  capacity  of  one  litre  was  half  filled  with  water,  to 
which  5  grammes  of  hay  were  added.  Tlie  cork  of  the  vessel  was 
traversed  by  two  tubes  each  bent  at  right  iiugles,  ^w^i  centimetnw  above 
the  place  of  exit;  one,  the  affereuti  did  not  descend  into  the  interior 
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of  the  vesMl  lower  than  iU  ni>rk,  Uie  other,  tho  efleiymt,  reaclied  to 
within  one  oeutimetre  of  the  liquid,  in  enter  ibe  l>etter  to  remove  the 
henvy  sta^iant  gfu^ea.  To  each  of  the  titlics  wns  att-ocbod  Liebig's 
bulbfi  tilled  with  Hulphuric  acid.     To  the  efferent  was  ftuiher  attacked 


Kio.  69,— Pouchet's  aiuue  ok  ul.i-i;atim;  Schulze's  rxpekiukrt. 
(KKou  Touch  KT). 

a  water  aspimtor,  which  wmt  kept  constAntlr  acting  (Fig.  59).  The 
oork,  Ac,  were*  all  lul^l  with  copal.  The  fluid  was  thon  boilinl  for 
an  hoTir.  In  twenty-six  days  spirilla,  Wbrionen,  and  |>enicillium  were 
present  in  the  fluid. 

In  order,  as  he  supposes,  to  have  more  rigorous  conditions 
than  those  of  Schnize,  he  introduces  the  following  method  of 
procedure : 


Kia.  CO.— Another  mook  au')i»tbo  uf  I'oiichkt  for  tkhtiso 
Sc'HULZii'8  viKWH  (fkom  Fouuhkt). 

A  tlask  ia  used  having  the  capiicity  of  one  litre,  and  having  three 
necks.  This  ih  ipiite  (illed  with  eimcentirate<l  sulphuric  ucid.  The 
first  neck  itontaius  a  hent  tuljt.',  which  by  one  extremity  conimunicateH 
with  an  air  pump,  whilt>  the  uther  extremity  passes  duwu  to  the 
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boltom  of  tlie  aciJ;  through  the  middle  neck  pfu«e6  a  siphon,  which 
commeii<'«8  in  the  6ask  at  the  levul  of  union  of  the  upper  und  mitUlle 
thtrfls,  while  its  other  end  passes  into  an  empty  vessel.  The  third 
oriiic^  contaiita  a  tu)>e  i>asKing  down  to  the  1x)ttom  of  »  second  vessel, 
but  only  orijLpnatin^  in  the  Hrnt  vessel  at  the  very  top.  Tliis  second 
vesael,  of  the  same  capacity  lui  the  other,  htui  Iwen  tilled  with  Iwiling 
water;  the  tirst  neck  nllowed  the  passage  of  tfie  tube  from  the  first 
Teasel;  through  the  centi*al  one  ]>.i«aed  u  siphon  similarly  aminged 
to  that  in  the  tiiist  vessel :  while  from  the  third  iipening  a  tube  led 
into  11  third  vessel.  TIuh  tliii*d  vesjsel  had  the  Ktn.e  csipacity  iis  the 
others,  but  had  only  two  ojionings,  tlie  tirst  receiving  the  tube  from 
the  heoond  flask,  which,  however,  did  not  pjuss  down  to  the  Viottom  of 
the  third  dosk  as  in  the  other  two  casee;  and  the  second  giving  exit 
to  a  siphon  arranged  as  before  (Kig.  60). 

A  strong  decoction  of  boiling  hay  having  been  introduood  into  the 
third  vessel  ao  a^  to  till  it  exactly,  the  whtih:  appjiratus  was  luted  with 
the  greatest  cai'c,  and  thuii  theappanitua  contmncd  only  this  decoc- 
tion, the  flulphuric  a<:id  and  the  water  which  hatl  lieen  previously 
boiletl.  Air  wiis  then  forced  slowly  into  the  sulphuric  acid,  and 
traversing  the  acid,  it  collected  at  tho  top,  forcing  the  sulphuric 
acid  through  the  siphon  ;  this  air  then  jjassed  on  thi^ugh  the  second 
fla&k,  {lasEung  through  the  waiter  and  forcing  the  wuter  through  the 
siphon  ;  and  from  the  sect^nd  into  the  third  vessel,  forcing  some  of 
the  decoction  through  the  siphon  ;  then  theai'ptinitus  was  abandone  1 
to  itself,  and  a  «ju:uitity  of  the  Hime  decoction  wa-s  placed  out«ide 
for  oomjHirison.  in  twenty  days  the  hay  infusion,  both  iu  the  appa- 
nUns  and  in  the  vessel  outside,  conUiined  '  mucor  *  and  liacteria. 

A  second  experiment  was  <lone  by  introducing  into  the  third  Ihisk 
5  grammes  of  luiy,  which  hud  bet-n  ex)>osed  to  the  iictinn  of  steiim  for 
five  minutes.  Thn  ves^l  wata  then  tilled  witlt  boiling  water.  A 
ttoiilar  result  was  obtained. 

Again,  he  introduced  into  the  third  flask  tlltorod  water,  and  10 
grammes  of  hay  exposed  for  thirty  minuten  toa  temjjeratureof  2C)0**0. 
Keverthelet's,  monads  and  vibriones  were  founfl. 

A  similar  e.sjieriment  to  Schwann^s  was  also  performed,  the 
air  in  the  ap[ttir«tus  just  described  being  piisswl  over  a  heated 
tube  instead  of  tbrongh  sulphuric  acid.  Nevertheless,  organisms 
({>enieillium  and  vibncmes)  developed.  Two  flasks  (instead  of 
three)  were  used,  the  first  being  filled  with  boiling  water  (this 
fljisk  having  llie  three  necks  as  usual,  one  receiving  the  heated 
air,  one  for  tlie  siphon,  and  the  third  leading  into  the  iseeond 
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tiask),  and  the  tieconil  containing  boiled  decoction  of  hay  and 
having  two  necks.  He  states  that  he  succeeded  more  often  in 
obtaining  organisms  when  filtered,  unboiled  water  was  sub- 
stituted for  the  boiled  water;  and,  as  he  has  already  proved,  as 
he  thinks,  that  water  does  not  contain  organisms,  he  considers  it 
a  matter  of  indifference  whether  the  water  has  been  boiled 
or  not ! 

Similar  experiments  with  artificial  air  yielded  the  same 
results. 

A  new  objection  is  then  brought  forward,  viz.,  that  if  the 
atmosphere  be  the  univerKil  disseminator  of  germs,  the  greater 
the  mass  of  air  in  contact  with  a  fliiirl,  so  much  the  greater 
ought  to  be  the  number  of  organisms  which  grow  in  that  fluid. 
This  he  has  not  found  to  be  the  case,  and  he  also  j>oint8  out 
that  in  ilasks  containing  the  same  fluid,  placed  close  to  each 
other  at  the  same  time,  different  forms  of  organisms  may  de- 
velop, a  fact  which  he  does  not  consider  capable  of  ex- 
planation on  the  theory  of  Pans]>ermism. 

Puucliet  further  examined  air  duM  microscopically,  and  he 
admits  that  he  finds  spores  of  fungi  and  other  microscopic 
organisms,  but  he  does  not  think  that  they  are  ever  present  in 
sufficient  quantities  to  explain  the  numbers  which  are  found 
in  an  infusion,  for  he  states  that  the  bacteria  themselves  do  not 
increase  in  number  by  fission  (or  but  very  slowly),  but  that  on 
the  contrary  each  is  spontaneously  generated. 

To  prove  th»tt  organisms  do  not  in  tlie  main  come  from  iho  nir  he 
took  five  gi-ftinmps  of  dust  from  the  roof  of  the  l!oti«n  Cathedral,  and 
placed  it  in  100  gntmmes  of  distilled  wattT.  Then  in  another  similar 
vessel  he  placed  100  grammes  of  duililleJ  water,  containing  five 
grammes  of  the  <irj*  utalksof  t'hiu»  ii-'^ter.  previously  exposed  for  two 
houra  to  It  toniin'iTilin'O  of  '200'^  C  Ther^e  two  vcssoIb  were  placed 
under  the  stimc  ^lass  Hhodc.  Eight  days  later  the  first  contained 
vibrionoH,  monjids  in  small  numbers,  and  a  few  kolpodeti;.  The  Bfxxmd 
was  full  of  monads  and  kolpodes. 


During  a  later  research  Pouchet  examined  the  dust  which 
collected  in  the  lungs  and  Iwrni^K  of  birds,  and  he  states  that 
there  can  always  be  found  evidences  of  the  lix;ality  in  which 
the  birda  lived.     For  instance,  this  dust  in  the  case  of  forest 
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binis  contiiinH  frj^ments  of  wood,  leaves,  st-arch,  &c.  Hy  Hay8 
that  he  never  found  sp«jres  of  })laats  nor  ova  of  niicroscoj>ic 
animals  nor  encjHted  animalcula^.  That  he  should  not  have 
found  spores  of  fungi,  which  one  would  think  are  more  nume- 
rous in  the  forest  air  than  sUirch  granules,  is  inconceivable, 
unless  it  is  sui)i>osed  that  there  is  a  special  provision  in  the 
animal  economy  which  ]>rpvt'ntH  their  eutrance  into  the  hings, 
though  permitting  (he  admission  of  starch  granules.  The 
probability  is  that  he  did  not  recognise  them. 

Not  only  does  Pouchet  sup]>oit  the  d(x:trine  of  the  8]>on- 
taneoua  generation  of  bacteria  and  the  lowest  forms  of  animal 
or  vegetable  life,  but  he  is  also  j)repared  to  accept  the  spon- 
taneous origin  of  rieas,  aeari,  and  cysticerci ! 

If,  now,  we  carefully  examine  these  exi)eriment8,  we  shall 
Bee  that  they  are  full  of  the  grossest  blunders.  Take,  for  in- 
Htauce,  his  ex]>eriment«  to  show  that  organisms  are  not  present 
in  putrescible  substances,  in  water  or  in  air.  The  first  experi- 
ment is  simply  absurd.  Some  seeds  are  charred  and  introduced 
into  a  vessel  containing  distilled  water,  and  covered  with  a  bell 
jar;  org:inisms  develop.  What  does  this  prove?  Does  it 
prove  that  organisms  were  not  present  and  may  not  constantly 
be  present  in  putrew-ible  KubstanceH  exposed  to  the  air?  No. 
It  merely  proves  that  this  cwnnot  be  their  only  source;  for  here 
the  water  and  the  air  were  not  heated  or  otherwise  purified,  and 
therefore  the  organisms  might  be  easily  communicated  through 
them. 

Again,  to  ]>rove  that  water  does  not  contain  them,  an  artificial 
water  is  j)re]>Jired,  boiled  for  a  t^imrter  of  an  hour,  placed  in  an 
unpuritied  vessel  containing  some  hay,  which  had  l>een  pre- 
viously heated  and  exposed  to  ordinary  air.  What  does  this 
show  ?  Certainly  not  that  ordinnry  water  does  not  contain 
organisms.  Even  admitting  that  this  spf-riraen  of  water  did 
not  contain  them,  there  was  ample  explanation  of  their  presence 
from  the  fact  that  the  fluid  was  put  into  an  impure  vessel, 
and  that  the  air  had  access  to  it. 

Nor  is  Pouchet  more  successful  in  hia  attempt  to  show  that 
the  air  is  not  the  vehicle. 

In  considering  the  question  as  to  the  presence  of  organisms 
or  their  spores  in  the  air  Pouchet  puts  forward  the  idea  that  if 
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organismn  were  present  in  the  atmosphere  in  sufficient  nuiiibert^ 
the  atmosphere  would  he  totally  obscured.  But  it  has  been 
asserted  and  shown  by  Pasteur  and  others  (as  we  shall  see  later 
on)  that  organisms  are  by  u\>  means  so  numerous  in  the  atmo- 
sphere as  was  formerly  su])iK>8ed,  but  that  they  are  generally 
deriviMl  from  dust  which  liiw  settled  or  from  wafer.  Further, 
Tyndail  has  sh<pwn,  by  means  of  the  beam  of  light,  what 
numbers  of  minute  particles  fill  the  air  around  us,  and  up  to  a 
certain  jK»int,  instead  of  obscuring  it,  really  render  the  light 
visible. 

In  his  repetition  of  Schuke's  experiment  it  must  be  admitted 
that  PoiK'he^t  has  a  stronger  case,  but  even  here  the  flask  and 
the  tubes  were  n<.)t  puritied,  the  quantity  of  fluid  a^  compared 
with  the  size  of  the  flask  was  very  small,  and  there  is  always 
the  possibility  of  a  flaw  in  the  ctirk  or  in  the  joinings  of  the 
various  tubes.  And  fiuiher,  this  exi>t'riment  loses  its  force 
when  Pouehet  admits  that  he  does  not  always  get  organisms, 
and  states,  on  the  contniry,  that,  when  a  simple  apjianitus  is 
employed,  a  negative  result  is  obtiiined.  Thus  to  quote  Lia 
own  words :  '  Dans  un  appareil  tl  sim[)Ie  rentree  d'air '  (thi« 
consists  of  a  flask  having  mily  one  tube  |)assing  through  its  i«rk, 
to  which  tulx?  Liebig's  bulbs  are  attaehed,  see  Fig.  61 ),  '  et  dent 
lee  boulea  de  Liebig  contenaient  de  I'eau,  on  remplit  le  tiers  du 
ballon  de  colle  de  firiuifleg^re:  que  I'ouy  ticnt  quinze  minutes 
en  ebullition  i  riiide.  ii'uin'  lamjHi.  Celle-ci  eteiute,  Tair  rentra 
dans  I'appareil  en  tmversant  Teau  peu-a-peu.  Uappareil  fat 
ahimdonne  deux  mois  a  une  tempemture  moyenne  de  14 
degres,  et  ^ms  la  moindre  moisissure  ne  se  declam  a  la  surface 
de  la  eolle  durant  tv>ut  ce  temps. 

'  Au  eontraire  un  criterium,  jilace  a  cote  et  en  contact  avec 
!  ntinos}»here,  avait  au  bout  de  cinq  jours  toute  sa  surface 
envahie  par  des  chjunpignons, 

*  Une  cxiMTiem-i'  enti'iirtise  le  meme  jour  et  dans  lew  m^jmes 
conditions,  mais  dans  laquelle  I'air  est  introduJt  dans  Tapjiareil 
en  traversant  des  boules  de  Liebig  rempliefi  d'aeide  sulfurique, 
donna  absolument  les  memes  resultats,' 

Tlius  Pouehet  show*!tt  that  not  oidy  was  Sehulze's  experi- 
ment successful,  when  performed  with  a  simple  apparatus,  but 
he  fiurther  demonstrated   that  it  was  not  necessary  that  the  air 
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should  pass  through  sulphuric  acid  ;  if  it  were  merely  washed 
in  water  it  waa  sufficient. 

Again,  *  Diuia  notre  ap|jareil  a  simple  rentree  d'air,  et  dont 
lefl  boules  etaicDt  remplies  d'eau,  on  init  17o  grammes  d'urine 
huuKiine  et  on  I'y  tint  en  Ebullition  j>endant  un  ([uart  tlMieure. 
Ensuite  I'mr  reulra  en  tmversant  Teau  et  Tappareil  fut 
abandonn^  sous  Tinfluence  d'lme  temperature  moyenne  de  12 
degros.  Deux  mois  ajires,  Turine  etait  euuore  jwirfaitement 
limpide  et  jKiit  la  moindre  moisissure  ne  s'etait  declaree  h,  sa 
tiiuface.  Un  criierium  plae^  ii  cote,  au 
bout  de  huit  jours,  etait  envahi  juir 
line  alx>ndante  vegetation  crypt  o- 
gamique, 

*  Une  exj>erience  est,  faite  le  memo 
jour  et  absolumont  dans  lea  memes 
circonstance«,  seulcment  I'air  ne  rentre 
dmis  ra|>i>iireil  qu'en  tnwersant  des 
boules  renijilie.s  d'aeidesuiruri(|ue,  IjG 
rettulUt  est  absolument  le  meme  que 
dans  rexj><^rienee  prec^dente:  Turine 
eat  intucte.' 

Such  are  examples  of  Pouchet'u 
genend  result 8  with  this  t:itii]>le  a|>- 
pantus,  and*  when  ho  states  tluit  with 
tho  more  complicated  arrangemfiit, 
even  with  much  more  nrolonged  boil-  „ 
lug,  he   generdlty   obtains  crvi>t"ganue     op  rkpratinc.  Schclib'* 


vegr^tation,  I  do  think  that  I  am  only    k^pkw^bkth  (moM  Por- 

dmwing   a  fair  inference  when   I    sup- 

l>o8e  that  there  wm«  something  defective  about  hie  ap}»initus. 

Nor  is  he  more  fortunate  with  Schwann's  exj)eriment. 
Referring  to  Pasteur's  results — that  when  he  (Pa^iteur)  |)er- 
fornied  Schwann's  e^|^eriment  of  having  in  <'outact  with  fer- 
nientewiblc  »uhsljince»  only  previously  heate^J  air,  he  obtained 
neither  fenncntation,  nor  yeast,  nnr  infusoria — he  Hays;  '  L*air 
calcine  a  ici  encore  jurete  la  fermentation  et  les  produits 
organiques  qui  en  d^rivent ;  cet  air  est  done  egalement 
iinpropre  au  devclopi>emeut  de  phenom^neH  ehimiques,  comme 
il    I'cbt     a    celui    des    phenomench    vituux.     L'expericncc    de 
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was  not  ajipliecl  (o  them  for  a  sufficient  length  of  time.  Yxtr- 
tber,  the  fluid  cannot  have  been  boiling  when  the  vessel  was 
introduced  and  corked,  otherwise,  if  he  had  done  it  efficiently, 
the  operator  wnuld  have  scalded  his  fingers.  It  is,  moreover, 
noteworthy  that  Pouchet  only  got  urganismH  in  one  experiment 
of  this  kind. 

In  his  *  MicrogTJijihie  Atmos]iheriqne,'  Pouchet  falls  into 
the  great  error  of  assuming  that  organisms  do  not  subdivide 
quickly  enough  to  account  for  their  rapid  ap]>earance  in  infu- 
sions. Now  it  has  since  been  made  out  by  sevend  observers 
that  orgimisms  do  divide  with  sufficient  rapidity,  and  of  this  I 
may  mention  two  instances  from  Mr,  Lister's  work.  In  the 
course  of  observations  on  a  form  of  micrococcus,  which  he  terras 
*  Granuligera,*  he  found  that  in  little  mure  than  an  hour  and  a 
half  they  had  trebled  their  numbers,  a  fact  which  he  made  out 
by  observing  tlie  subdivision  of  a  little  grou]>.  And  with  re- 
gard to  the  Bactmuvi  lacH^j  he  fonnd  definitely  by  nume- 
ration tluit  it  doubled  by  fissitm  in  an  hour,  so  that  given  one 
Bttcleriuvi  UictU  there  would  be  in  twenty-four  hours  no  less 
than  8,388,608  bacteria;  and  other  forma  of  organisms  deve- 
lop even  more  quickly. 

Then,  again,  Pouchet  objects  that  with  free  access  of  air,  a 
fjrtJiiter  variety  of  /onus  ought  to  be  found,  but  it  must  be 
remembered  that  what  may  nourish  one  funn  may  not  be  gootl 
for  another,  and  that  the  product*  of  the  growth  of  the  form 
which  in  the  tirst  instance  was  most  vigorous  and  most  nume- 
rous, may  interfere  s«?riously  with  the  growth  of  other  varieties; 
and  in  the  experiment  which  he  mentions  it  is  quite  evident 
that  in  the  vessel  to  which  the  dust  was  added  there  is  little 
or  no  nutriment  compared  with  that  contained  in  the  stalks  of 
the  China  aster.  And  lastly,  when  he  places  similar  infusions, 
similarly  treated,  in  flasks  of  the  same  size,  under  the  same 
glass  shade,  and  in  simitar  conditions,  and  finds  that  the  organ- 
isms which  ap{>ear  differ  in  fonn  in  the  two  flasks,  he  does  not 
obtain,  as  he  supposes,  a  pro*jf  of  sjwntaneous  generation,  but 
the  cimlrary.  For  on  that  theory  the  same  infusion,  in  the 
same  conditions,  ought  to  give  rise  to  the  same  species  of 
org^uilnms;  and  tl»e  occurrence  of  different  fi>rms  can  only  be 
explained  by  supj>osing  that  ditTereut   s]>ores  gained  access  to 
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Schwann,  efr  chiles  qui  ont  6te  (ialquffes  sur  die,  Bont  done 
abAaliiment  insig-nitiantes/  Truly  a  strange  inteqiretatioD  of 
tlie  facts,  more  ei*ptM:inny  iis  he  hml  jirpvioiisly  attpmptt'fl  to 
demonstrate  that  wilcintnl  air  and  air  which  had  previously 
passed  through  sulphixric  ncid  were  equally  incapable  of  |>Pe- 
venting  the  development  of  organism?,  and  as  in  the  'more 
rigoroiiti'  fomlitiuus  under  whieh  he  |K'rfornied  the  cxjieriuientjs 
he  fituud  (hat  organisms  always  developed  ! 

I»oking  more  eh»sely  at  these  so-ealle*!  'more  rigorous' 
couditiousj  we  find  that  they  eontuin  a  suflleient  number  of 
loo] tholes  to  explain  the  reault. 

What  atv  we  to  think  of  the  third  experiment  to  show  that 
the  air  is  not  the  vehicle  itf  these  organisms?  An  impure 
vessel  is  taken^  containing  dust,  and  unbtn'led  filtered  water  is 
intnwlueed  into  it  along  with  snrne  heated  ha}'.  Isit  any  matter 
for  Buq^ri^e  that  organisms  are  found  here,  however  pure  the  air  ? 
The  dust  in  the  vessel  contttined  plenty  of  their  spores,  the 
various  tubes  passing  into  it  contained  dnst  anil  impure  air, 
while  the  water  itself  was  teeming  with  orgimisms  or  their 
fijxtres,  And  Bimilar  objections  may  be  urged  against  the  firnt 
and  iiinst  rigorous  experiiiienf.  Boiling  hay  infusion  is  intrr>- 
dueed  into  a  vessel  containing  dust ;  no  attenqit  is  made  to 
destroy  the  septic  properties  of  this  dust  or  to  purify  the  air 
and  the  rlust  in  the  tubes  leading  to  and  from  it.  Air  is  now 
forced  into  the  infusion,  carrying  along  with  it  the  organisms 
which  Poiicltet  ought  to  have  known  wej-e  tlieoretically  present 
in  the  air  in  the  last  connecting  tulH*,  as  well  as  on  the  walls 
of  that  tulx'.  This  is  the  'rigorous'  exi)eriment,  whieh  is 
sufficient  *  to  overturn  the  ex|>eriTnentB  of  Sehwrnn  and 
Schulze.*    It  is  needless  to  pursue  the  criticism  of  such  methods. 

The  folhiwing  experiment  is  stronger,  and  hn  considers  it 
suificient  to  upset  those  of  Schwann  and  Schulze,  A  flask  was 
introdueeil  to  the  bottiira  of  a  vessel  containing  a  decoction  of 
barley,  wliich  had  been  ke]it  boiling  for  six  hours.  The  flask 
being  completely  lille<i  with  this  fluitl,  was  brought  to  the  sur- 
face and  corked,  and  then  the  circumference  of  the  cork  was 
fiuiTounded  liy  varnibh,  t)n  the  sixth  day  a  dejiosit  of  ycaat 
was  seen,  and  the  Hask  burst  on  the  seventh. 

Here  an  impure  vessel,  cork,  &c,j  were  used,  and  the  bent 
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was  not  applied  to  thera  for  a  suflScient  length  of  time.  Fur- 
ther, the  fluid  cannot  have  been  boiling  when  the  vessel  was 
introducL'd  iai<l  corked,  otherwise,  if  he  had  done  it  efficiently, 
the  oj>emtor  would  have  scalded  his  fingers.  It  is,  moreover, 
noteworthy  that  Pouchet  only  got  organisms  in  one  exi>eriraent 
of  this  kind. 

In  his  *  Microgniphie  Atmospherique,'  Pouchet  falls  into 
the  great  error  of  assuming  that  organisms  do  not  subdivide 
quickly  enough  to  account  for  tlieir  ra])id  ap|>enranco  in  infu- 
sions. Now  it  has  since  been  niaile  out  by  scvenil  observers 
that  organisms  do  divide  with  sufficient  rapidity,  and  of  this  I 
may  mention  two  instances  from  Mr.  Lister's  work.  In  the 
criurse  of  «)hservationH  on  a  form  of  raicroc<5Ccu8,  which  he  terras 
*  (imnuligeni,'  he  found  that  in  little  more  than  an  hour  and  a 
half  they  had  trebled  their  nmnbers,  a  fact  which  he  niaile  out 
by  observing  the  subdivision  of  a  little  group.  And  with  re- 
gard to  the  Bacteriuvi  lactis^  he  found  definitely  by  nume- 
ration tliat  it  doubled  by  tissitm  in  an  hour,  so  that  given  one 
BacUrlwiii  lactift  there  would  be  in  twenty-four  hours  no  less 
Than  8,388,fi08  bicteria;  and  other  forms  of  organisms  deve- 
lop ♦'ven  more  quickly. 

Tlien,  again,  iV>iichct  objects  that  with  free  aoeeys  of  iur,  a 
ijreaier  vttritly  of  forms  ought  to  be  found,  but  it  must  be 
remembered  that  what  may  nourish  one  form  may  not  be  good 
for  another,  and  that  the  products  of  the  growth  of  the  form 
which  in  the  first  instance  was  most  vigorous  and  most  nume- 
rous, may  interfere  seriously  with  the  growth  of  other  varieties; 
and  in  the  experiment  which  he  mentions  it  ia  quite  evident 
that  in  the  vessel  to  which  the  dust  was  added  there  is  little 
or  no  nutriment  com]mred  with  thiU  contained  in  the  stalks  of 
the  China  aster.  And  lastly,  when  he  ]ilace8  similar  infusions, 
liimilarly  treated,  in  flasks  of  the  same  size,  under  the  same 
glass  shade,  and  in  similar  conditions,  and  finds  that  the  orgiin- 
isms  which  appear  diflfcr  in  fonn  in  the  two  flasks,  he  does  not 
obtain,  as  he  supposes,  a  proof  of  spontaneous  generation,  but 
the  contrary.  For  on  that  theory  the  same  infusion,  in  the 
same  conditions,  ought  to  give  rise  to  the  same  sjwcies  of 
organisms;  and  ibe  occurrence  of  different  fonns  can  only  be 
explained  by  sup])osiug  that  different  Hftores  gained  access  to 

V  2 


IGl 


SPO^TAyEOUS  OESERATIOX. 


the  various  infusions,  a  view  quite  in  accordance  with  the  theory 
of  Panaperniism. 

A|>|)e;iring  shortly  after  Poucliet's  work,  and  leading  to 
diametrically  oppusite  conclusions,  were  the  resetirchea  of  M. 
Pasteur,  which  have  by  many  been  considered  as  administering 
the  death-blow  to  the  theory  of  het^rogeny. 

Pasteur,'  in  his  account  in  the  '  Annales  des  Sciences 
naturelles,*  begins  by  attempting  to  demonstrate  the  exist- 
ence of  sjM)res  in  the  atinoHpliere,  a  fact  which  Pouchet  had 
previously  admit t+nL  Such  attompta  are,  however,  very  un- 
satisfactory, ixutly  from  the  difficulty  of  recognising  what  are 
and  what  are  not  siw^res,  and  als»»  from  the  fact  that  if  8por< 
do  exist  they  must  be  so  excessively  minute  as  to  he  in  man^ 
cjisea  invisible  under  the  microscope.  Professor  Tyndall 
shown,  by  menus  of  the  condensed  beam  of  light,  the  existence 
of  innumerable  solid  [wtrticles  in  fluids,  in  which  but  few  couhl 
be  detected  by  the  micro8coj»e.  Pasteur  certainly  demonstrated, 
and  this  is  generally  iX4imitted,  that  s]>ores  of  fungi  do  cK-cur  in 
the  atmos])hcre.  It  is  not  jiecessary,  however,  to  have  thin 
demonstration  of  the  existence  of  spores,  for  the  matter  can 
set  at  rest  by  experiment  ahuie,  and  it  is  these  exjKTiments, 
and  not  the  denioustr.it ion  of  the  existence  of  spores  of  fungi 
in  the  atmosjihere,  which  give  the  value  to  Pasteur's  work. 

Operating  with  an  alltinninous  saccbnrine  fluid,  in  the  man- 
ner dctfcribed  belitw,  Pash-ur  always  succepiled  in  preventing 
the  growth  of  organisms  in  that  li«]aid,  in  jjresence  of  heated 
nir.  '.raicertainemcnteu  Toccasion  dc  r«'|M_^ter  plusdecinquante 
fois  Texperience,  et,  dans  aueun  cas,  celte  liqueur,  si  alterable^, 
n'a  donn^  vestige  de  productions  org-anisees  en  presence  de  W 
calcine.* 

Into  a  flfiak  with  a  caiHuity  of  SfiO  lo  300  u.cfii.  wyiv  intixxlucfil  V 
to  ir>0  c.cm.  of  thu  s-'iccbiLiini'  idUuniiiiouM  fliiiij,  Tliu  niH^^k  of  tl 
flunk,  which  had  l)een  t-lniwu  out.,  was  then  connetrtcd  with  u  platinund 
tiiho  in  which  the  air  could  be  raised  to  a  very  hipli  tem[>i^niturQi| 
The  Uiiid  wfiM  boiled  fw  two  or  thi-eo  minuteis,  auil  then  the  calcim 
aiv  allowed  to  enter, 

Although   tlie  experiment  succeeded   in  the  ease  of  th< 
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Mrcliarine  albuTninrnis  niatcriftl,  and  some  other  fluids,  it  did 
not  succeed  with  milk.  Leaving  milk  out  of  consideration  for 
n  moment,  it  was  shown  that  otlier  fluids  which,  although  pre- 
viously b<iile(l,  wheu  exposefl  to  ordinary  air,  nipidly  become 
the  tteat  of  development  of  organisms,  remain  ban'en  when 
exposed  to  heated  air.  (It  has  been  remarked  by  several 
anthftrs,  especially  by  Pouchet,  that  Pasteur  was  unable  to 
succeed,  in  many  cases,  in  repeah'ng  Schwann's  ex]>eriment 
with  calcined  air.  This  is  tnie:  but  the  ex]>eriment  which 
failed  was  the  one  where  the  flask  is  inverted  4)ver  mercury, 
and  the  calcined  air  then  introduce<l,  and  Pasteur  has  pointed 
out  that  it  is  from  tlie  mercury  that  the  source  of  contamina- 
tion is  derived.)  It  remained  to^t^nquire  further  what  happfnied 
when  dust  which  had  not  been  lieated  was  intrL»duced  into  the 
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fluid  in  presence  of  heated  air.  Tliis  was  done  ;  the  air  coming 
in  contact  with  the  Ujiled  fluid  was,  as  in  the  former  case,  pre- 
viously heated,  and  the  fluid  had  remained  Imrren  for  one  or 
two  months;  then  iirecaut ions  being  taken  that  no  unhealed 
air  wa«  introduced,  unheated  dust  was  p»it  into  the  flu^k  (Fig. 
C2),  and,  as  a  consequence  of  this,  development  of  organisms 
rapidly  occurred,  and  these  organisms  were  of  the  same  kind 
as  lluwe  which  appeared  in  fluids  freely  ex|X)sed  to  air.  Thus 
Pouchet's  objection  t/o  Schwann's  experiment  (viz.,  that  heated 
nir  interfered  with  the  growth  of  organisms)  was  completely 
upset. 

Fresh  urine  behaves  in  exactly  tlje  same  manner  when 
treated  in  the  two  ways  d^^*scrihed. 

In  the  case  of  inilk'.  Pasteur  was,  however,  unsuccessful 
when  the  boiling  temi»erature  was  maintained  for  only  two  or 


166 


SPOKTAKEOI/S  GMNERATIOK. 


three  minuU^s  (a  length  of  time  quit^  sufficient  in  the  firmer 
(.•aaes);  (lud  ihiw  wiiut  of  Hucrens  lio  bclicveH  to  Ik*  due  to  the 
fact  that  in  this  fluid  organisms  can  resist  the  boiling  tf^mjjera- 
ture  for  a  longer  ptritw!  than  in  other  liquids.  Two  or  three 
minutes  of  h  temi>erature  of  110''  C,  or  a  prolonged  tempera^ 
ture  of  100°  C,  were-,  however,  sufficient  to  sterilise  milk.  This 
resisting  jiower  he  considers  to  In-  due  to  the  alkalinity  of  the 
fluid,  for  he  finds  the  same  tlifficult}?  if  he  renders  his  sugared 
yeast  water  alkaline  by  the  addition  of  carbonate  of  lime.  In 
the  case  of  milk  and  of  the  latter  fluid,  thus  purified  and  pre- 
served unchanged  for  some  weeks,  the  addition  of  the  atmo- 
spheric dust,  in  the  way  described,  produces  the  some  results  as 
in  the  fluids  previously  refened  to. 

But  it  is  not  necessary  to  use  calcined  air,  ordinary  air  will 
be  equally  inert,  if  only  it  has  had  op|K)rtunity  to  dejiosit  its 
dust  before  being  admitteti  into  the  flask.  Tliis  he  showed  io 
be  the  case  by  bis  well-kncfwn  exjitrimenls  with  ilasks  with  Ixjut 
necks.  Into  a  flask  a  suitable  quantity  of  the  fluid  to  be  ex- 
IK^riiiietited  on  is  introduced,  tlie  neck  is  then  dniwn  out  long 
and  bent  in  various  directions  (Pasteur  only  figures  one  long 
curve)  so  as  bo  present  obstructions  to  the  entrance  of  solid 
jiarticles  along  with  tlie  air  (see  Fig.  3,  \>.  Ifi).  The  fluid  is 
then  boih'il  fttr  the  requisiU;  lengih  of  time,  and,  the  lamp 
being  removed,  ordinary  air  is  allowed  to  enter.  Fluids  may  be 
prepared  in  this  way,  and  ]ireservtd  for  any  length  of  time  de- 
sired. On  the  other  hand,  if  the  neck  be  straight,  so  as  to 
allow  the  dust  to  full  readily  into  the  flask,  organisms  ap|>eAr, 
however  long  the  neck.  In  thtj  same  way,  if  the  neck  he 
broken  off  short,  so  that  there  is  no  obstruction  to  the  entrance 
of  dust,  organisms  nipidly  develop. 

In  the  case  of  milk  tlip  hnjling  jKfint  nitisf  be  raised  to 
about  110*  by  heating  the  fluid  under  jiressure,  or  the  milk 
must  be  boiled  for  a  long  time. 

Thiit  the  cause  of  the  growth  of  these  organisms  is  not 
continuous,  as  would  be  the  ease  were  it  some  known  or  un- 
known force,  but  that  it  is  the  advent  to  the  fluids  of  solid 
j^aHic'h'H  floEitiiig  in  the  atmosphere,  is  likewise  demonstrated  by 
the  follfiwing  experiment.  Flasks  cout^iining  \.\w  saccharine 
yeast  solution  were  prei«ired,  and  sealed  during  boiling.     These 
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flasks  being  opcnefi  in  difFfrent-  places,  with  certain  i»reeaution8 
against  the  admiission  of  dust  from  its  neck,  Ac,  air  ruslied  in, 
carrying  with  it  any  suspended  dust.  The  neck  of  the  Hiisk 
was  again  sealed,  so  as  to  prevent  any  further  entrance  of  du!*t. 
It  was  thus  found  that  the  air  in  some  places  and  under  some 
conditions  contained  none  of  the  particles  whicli  give  rise  to 
orgnnisms,  Mhile,  on  the  other  h:ind,  when  they  were  present  the 
orgiuiisms  might  be  of  very  various  kinds,  (!)ue  of  the  situ- 
ations in  which  such  flocks  could  be  upcned  without  iuiy  de- 
velopment of  organisms,  was  in  some  cellars  which  had  not 
been  entered  for  a  long  time,  and  in  which  tlie  dust  had  there- 
fore settled.  Precautions  were  of  coarse  tiiken  that  the 
operator  neitht-r  introduced  the  jiartides  himself  nor  stirred 
up  the  dust  of  the  cellar. 

I  may  <iuote  one  cx|)erimeDt :  Le  14  aodt  1860  j'ai  ourert  et 
renfeitn^  dans  les  cavea  de  rOhaervatoiixj  dix  btillouK  coiitenaut  de 
l'e»»u  de  Jevure  de  bii;i-e,  et  onze  autres  billions  de  la  memc  pr<;|ianition 
dans  la  cour  de  V^tablissement.  K  50  centimetres  dn  sol,  par  nn  vent 
I^ger.  Tous  ont  ^  rapports  le  mfirae  join*  dans  TetuvB  de  men 
laboratoire,  dont  Ijl  temperatiii'e  i^st  <ln  25  k  30  dogrea.  J'ai  conserve 
juaqu'A  ce  jour  tous  ces  bidlons.  Uu  sen!  de  ccux  onvertfl  diuis  lea 
cavea  renferme  une  production  vigetale.  Ijfa  onze  ballona  onverta 
dans  la  com*  out  tous  fourni  dea  Iiifusoii-cs  ou  dos  v^gdtanx  du  genre 
de  ccux  quo  j'lii  d6j4d6criU/ 


But  the  greatest  blow  was  given  to  the  views  of  the  hetero- 
genists  when  Pasteur  d<^monstnited  that  albuminoitl  matoriais 
are  not  necessary  for  the  development  of  bacteria  and  fungi, 
but  that  they  can  be  replaced  by  crystaUine  salts,  such  as 
]thosi>hate»  an<i  Kilts  of  ammonia.  He  j)re]7ared  a  fluid 
of  the  following  comjMisit ion,  in  which  these  organisms  readily 
grew: — 

Ean  pnrv  IIK)  pummes 

Kwcro  catidt 10        „ 

l^rtniU' d'tuumoninqiic 2A5        „ 

Ci;udrea  footlue^  <lc  leWire  de  bii^re      .         .         .        4         „ 

'  Si  Ton  s6me  dans  cette  liqueur,  en  presence  de  Tair  cal- 
cine,   Ics    [loussieres    qui    existent    en    8U8|>ension    dans    Pair, 


168  SPOXTAyEOUS  GENERATION. 

on  y  voit  naitre  les  Bacteriums,  les  Vibrions,  les  Muo^dinees 

Hero  there  is  no  question  of  nlbuminni<l  particles  com- 
bining to  form  an  organism.  If  they  develop  here  sponta- 
neously they  must  be  built  up  from  mineral  .salts). 

Such  is  Pasteiu-'a  first  work — the  work  whieh  is  considered 
by  many  to  Imve  struck  the  final  blow  at  heterogenesis.  Let 
us  see  what  it  really  does  prove. 

It  shows  that  a  certain  number  of  boiled  fluids  prone  to 
the  develo|»ment  of  organisms  can  be  preserved,  witlumt  any 
growth  of  organisms  in  them,  in  the  presence  of  calcined  air, 
or  of  ordinary  air,  the  dust  of  which  has  betm  allowed  to  settle  ; 
that  the  intnxluction  of  dust  into  tliese  flasks  is  the  only  con- 
dition nupiisitt^  for  the  devclopinezit  of  organisms  ;  that  the 
source  of  organisms  is  something  discontinuous— ])articubite  ; 
that  organisms  are  not  necessarily  the  result  of  changes  in 
allmininoid  materials,  for  they  grow  vigorously  in  an  artificial 
mineral  fluid.  Kiirther,  Pasteur  has  shown  that  among  the 
particles  present  in  the  dust  of  the  atmosphere  there  are 
spores  of  fungi  and  bodies  which  may  be  biwteriuor  their  spnres. 

This  is  all  that  is  proved  by  these  experiments;  and  how 
does  Pouchet  answer  them  ?  Ey  asserting  that  these  solid  i»ar- 
ticlea  are  not  bacteria  or  their  spores,  but  lifeless  j)articles, 
which  under  certain  conditions  become  vivifled,  and  a]>[»ear  as 
various  forms  of  organisms?  The  only  jiossible  theory,  one 
would  think  !  No.  Pouchet.  disputes  the  facts.  He  does  not, 
it  is  true^  take  the  trouble  to  rei>eat  Pasteur's  striking  experi- 
ment of  the  flask  with  bent  neck.  He  simply  says ;  *  C'etiiit 
une  erreur.'  Furl  her,  *  Nous  avons  refuse  de  rt^peter  les  ex- 
l>erience8  de  M.  Pasteur  parce  que,  logiquement,  rationnelle- 
inent,  pour  des  physiologistes,  du  moment  ou  il   est  reconnu 

*  It  tnny  l>e  muntiontxl  liore  that,  siriM  riistour  puMUliLHl,  other  similar 
fluids  in  which  orguDmm;i  can  grow  have  l>con  employed.  Thus  Cohn  iiae8 
the  following: — 

DistilU'i]  waU'T 20  o.cm. 

Turtruto  ut  ummuniii *2  gmmmcs 

Phosphate  of  |x)tash ■!         „ 

CrystjiUiHtxl  sulphate  of  magnesia  .         ...'],, 
Tril>asic  phDsi>bAte  of  lime mU        „ 


POUCHET'S  REPLY 


160 


qttp  celles  de  Schwann  ^  sont  ahsolnment  erron^es,  et  je  i^nse 
(^ue  [Mi-s  un  Hcul  de  ceux-cri  ne  voudruit  aujourd'hiii  le  confcster, 
les  experiences  du  chiiniste  de  Paris  sont  consef|uemTnent  frap- 
pees  de  la  meme  nullite.'' 

Ponchet  again  returns  to  the  simj)le  experiment  in  re]>eti- 
tion  of  Schulze's,  which  we  have  previously  quoted,  but  now 
bis  statement  is  direetly  opjjosed  to  that  formerly  made.  He 
now  says,  *  En  ein])loyant  dans  cet  appareil '  (a  aimj^le  rentree 
d'air)  'de  la  colic  de  farine  extr^mement  legdre,  de  I'albumine,  de 
Turine,  de  la  bi^re,  du  foin,  on  de  lu  noix  de  guile,  constara- 
inent  on  voit  apparaitre  des  microphytes  on  dt^s  microzoaires 
aprea  un  temps  fort-  court.'  How  is  this  contradiction  to  be 
reconciled  ?  Is  not  the  former  experiment  most  likely  to  be 
correct  ? 


M'lML/.I'l'a  VXPHBllfUIT. 


(^l^UOM    tOUCUBT.) 

He  then  goes  on  to  describe  an  experiment  'much  more 
•rigorous'  than  that  of  M.  Schulze. 

*DftnR  un  l)HlIon  doni  le  col  plac<;  horizontalement  support**  tin 
robinet,  jo  meta  une  t-ertaino  ijuuulit^  d'oftu  oifUnaii'e.  Un  corps 
foriuente&cibW  renferm^*  dans  uu  gros  tube  do  verre,  ot  qui  &  M  pr^- 


'  I  prevlouAly  pointed  out  that  SchwannV  exTwrirocnt,  wliich  wasocvaaion- 
allj- aiwuccoftrful  In  rastciir's hands,  was  not  llrnt  to  which  M.  Toiichct alludes, 
but  ttmt  performed  over  mercury;  and  I'a«te»r  hatt  ahuiidaiitly  douionaLrated 
the  fallitoy  li^re  and  linw  it  can  t>e  ovurcomc. 

'  8eu  ^'{tHrtllrt  Krj/fritrtU'va  tut  la  Oineration  MpflfttaH^. 
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lablemeut  clmatfi6  u  150"  C.  pendant  cinq  bcurns,  est  pliic^  ^  I'int^rioar 
da  cot  de  oe  ballon  :  ce  tubo  e^t  forme  i^ir  im  o])orciilR  rAdd  k  Tcmdri 
(*t  acelle  horm^ticjuotnont  avoo  Itii  par  iino  stilmtance  facilcment  fioliible 
dims  I'eau.  Lo  ballon  communitjne  avec  irois  inbee  en  IT  et  des 
booles  de  Liebig.  L'un  de  ces  tubes  contient  de  la  ]Kmoe  Bulfuriqtie, 
un  autre  de  Li  potaaae  caustiitup,  et  le  troUicmu  dn  coton  carde. 

*  LeH  lx)ule8  de  Liebig  aont  rcniplies  d'acide  siiirnrique  ooncentr^. 

*  A  I'aide  d*unc  lampe  on  met  I'cfiu  du  Imllon  en  6buIlilion  pendant 
dix  minutes,  et  ce  n'est  qu'cnsuiU*  quon  articiilo  les  tubett  en  \J 
ik  I'extr^mit^  du  tubo  de  Liebig.  Eufin  on  <^tt)Lnt  la  lampe,  et,  tandia 
que  Tftppareil  sorefroidit,  Tair  exterJeur  y  rontre  en  traversont  I'acide 
sulfuriqii^,  le  coton,  la  ix>nc«  sulfuiique  et  la  potasse.  Qiiand 
Tappareil  est  luirvenu  k  la  temp<^ratur«*  ambinnte,  on  fiiit  tombor  le 
tube  dans  le  liquide,  ct  lorsque  celui-ci  a  disaouH  la  substance  isoluble 
qui  lute  Topeitiule,  ce  dernier  R'ouvre  et  I'eau  euvahit  riiitcrieur 
de  ce  tube. 

*  Peu  de  t«mp8  apr^,  constamment  on  voit  la  liqueur  dn  ballon  so 
poupkTde  v6g6taux  ot  d'auiuiaux  uiicit>sMXipiques,  selon  les  substancee 
que  I'ou  a  onnfinees  duns  le  tube.  Jamaifi  en  Buivaut  ce  j»roc^dd 
Texp^nence  tie  uian(|uu.' 

Such  is  the  experiment  which  is  more  rigorous,  certiiinly 
much  more  complicated  than  Schubse's.  Nevertheless  there 
are  numerous  loopholes  in  it. 

Thus  this  Httlt"  tuhL'  <.'ontfiining  the  fermentescible  material 
is  cold,  and  may  be  covered  with  dust  when  introduced  into  the 
neck  of  tin*  flask.  Ft  is  cerfuinly  strange  that,  in  onler  to  be 
certain  that  organisms  should  devi'lop^  it  is  necessary  to  he^at 
the  great  bulk  of  the  water  used,  and  the  jtutreseible  material 
in  a  small  quantity  of  water  separately,  and  then  to  unite  them 
in  the  manner  de.seribed.  For  Pouchet  himself  admits  that  he 
does  not  aiways  get  organisms  with  Schwann^s  simi>ler  method. 

Then,  again,  it  is  no  easy  task  to  cork  thoroughly  a  vessel 
heated  to  the  boiling  point  of  water;  and  the  cork  ust-d  was  in 
no  way  purified.  It  is  true  that  steam  ])ass(!(i  over  it  for  a  short, 
tinit',  but  then  steaui  is  dry  hrat,  and  it  is  grneralU'  admitted 
that  dry  heat  at  the  temperature  of  boiling  water  is  nwi  suthcient 
to  destroy  all  orgsmisms.  This  argument  also  applies  to  the  dust 
on  the  wall  of  the  vessels.  An<l  then  in  tilting  the  vessel  to 
introduce  the  tube  into  the  water,  the  joints,  uidess  very 
securely  tixed,  may  ojicn,  or  living  dust  may  be  shaken  into  the 
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fluid  from  the  neck  or  cark,  leaving  out  of  consideration  the 
fact  thut  it  is  in  all  urolnilnlity  carriud  in  witli  ihr  small  tube. 

Pouchet  looks  on  this  ox|»t'riinent  as  completoly  disjiroving 
those  of  Sehulze,  iSchroeder  and  Dusch,  and  Pasteur,  and  why  ? 
Because  with  this  apparatuah^constantly  obt:iinaf>rt(;miMms.  How 
then  does  he  explain  Pasteur's  reaultu  ?  Pasteur  boils  his  tluids 
for  two  or  three  minutes,  and  finds  that  they  remain  barren. 
Tliis  exiK^nment  r;tn  only  be  answered  by  Pcmehet  (ho  Inujr  as 
he  adheres  to  this  line  of  argument)  by  supposing  that  Pasteur 
is  nuiking  a  false  statement,  or  that  by  boiling  liia  fluid  he  has 
destroyed  its  power  of  j»roilucing  •irgani^ins  sjiontaneously.  As 
re^rds  the  first,  a  committee  composed  of  tlie  first  scientific 
men  in  France  confirm  the  truth  of  what  Pasteur  asserts  ;  while 
the  second  can  have  no  force  when  looked  at  in  th<?  light  of 
Pouchet's  own  experiments  ;  for  we  find  that  the  latter  obtains 
organisms  after  keeping  his  fe.rmentescible  material  at  a  tcmpe- 
ratur*'  of  110^  C.  for  several  hours,  and  boiling  the  water  for  from 
30  to  ()0  minutes. 

Such  a  method  of  reasoning  and  of  experimentation  would 
not  have  deserved  m  much  notice  were  it  not  for  the  great  in- 
duence  which  Pouchet's  work  hsis  exercised  and  does  still  exer- 
cise on  those  who  have  not  read  or  studied  it,  ^Vnd  I  have  felt 
it  the  more  necessary  lo  consider  his  work  in  detail  nshe  is  one 
of  the  last  observers  who  has  maintained  a  more  or  less  complete 
heterogenesis,  and  also  as  I  am  not  aware  of  any  work  in  which 
his  experiments  have  been  subjected  to  a  searching  criticism.* 

*  Pouchet's  cxfwirimenia  and  concliisicma  were  ohjecle«l  to  by  Milne- 
EdvranU.  I'ayen,  Qual ref o^**,  Cluudo  Hurimrd  and  Uumax,  who  examined 
theui,  and  uUu  thutw  of  Tavtuur. 
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CHAPTER   IX. 

SPONTANEOUS  GENERATION  {eoniinv^}, 

Tho  experiments  of  Jeffries  Wyman :  explanation  of  the  results :  Wyman's 
views  on  the  subject.  Dr.  Itastian's  views:  Cases  in  whicli  it  is  still  pos- 
sible thatabiogencsi^t  may  occur :  Growth  in  vacuo— Bnstian's  experiments 
— my  own  results — Cohn's  facts — Dr.  Roberts's  objections,  the  walls  of  the 
vessels  remain  impure — Ita«tian's  reply — Objections  to  the  latter— Gruit- 
huisen's  experiments— Paul  Bert*s  results  with  compressed  air — Pouchet 
lookson  a  vacuum  as  preventing  spontaneous  generation — Paul  Bert'srcsults 
with  rarefied  air— Pr.  Bastian  doc's  not  always  pet  positive  results  :  Ex- 
periments in  airless  and  hermetically  senlo<l  flasks  raised  to  a  high  tem- 
perature— Objections — Prof.  Huxley's  and  Dr.  Sanderson's  statements — Uay 
Lankeater's  results— Hartley :  experiments  with  alkaline  fluids— Roberta's 
counter-experiment.  Mr.  Lister's  experiments.  Experiments  by  Roberts 
and  Tyndall. 

Other  writers,  chiefly  French  and  Italian,  among  whom  may  he 
mentioned  Joly,  Mnsset,  and  ]\Tante^azza,  have  snpportecl 
Pouchet,  but  as  their  experiments  furnish  litth'  or  no  additional 
evidence  nor  new  argunient  I  think  it  tmnecessary  to  discuss 
tliem.  Those  of  Joly  and  Musset  will  be  found  in  the  '  Comptes 
Rendus  de  I'Academie  des  Sciences,'  about  tlie  same  ])erio<l  as 
the  ])a])ers  of  Pasteur  and  Pouchet. 

I  must,  however,  refer  at  leni^th  to  the  eximriments  of 
Professor  Jeffries  Wyman,  of  rambridge,  U.S.  These  have  been 
largely  quoted  by  the  su]>porters  of  heterogenesis,  as  provinjr 
their  view,  though  it  ought  to  be  borne  in  mind  that  Wyman 
himself  ex])ressed  no  sucli  opinion.  It  must  be  confessed  that, 
at  first  sight  the  ex]>eriments  seem  difficult  of  explanati(m  on 
the  Panspermic  theory,  and  it  is  the  more  necessnry  to  scrutinise 
them  carefully,  as  he  has  evidently  a])proach('d  the  suliject  with 
a  perfectly  unbiassed  mind,  and  has  therefore  sini]»ly  recorded 
his  facts  without  attempting  to  force  any  definite  conclusion  on 
this  question  from  them. 
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Till'  fullowing  are  the  facts  which  have  been  adduced  by 
^ujtpiirtcrs  uf  sjwntiineotis  generation  ns  favouring  their  views. 
Klasks  were  j>rei)ared  iu  three  wuys: 

1.  'The  materials  of  the  infusion  were  put  into  a  Hask' 
'the  genenil  relation  between  the  quantity  of  fluid  and  the 
cajjacity  of  the  flask  was,  that  al:>oiit  20  c.cm  of  fluid  were 
introtJucetl  into  flasks  of  a])out  500  cem.  of  cai>acity)  *and 
a  cork  through  which  passed  a  glass  tube  drawn  out  to  a 
jieck  was  pushed  dcqily  into  the  mouth  of  it.     The  Hpaee  alvive 

le  cork  was  filli^d  with  an  adhesive  cement  composed  cf  resin, 
'wax,  and  vannVh.  The  glass  tube  was  bent  at  a  right  angle 
ami  inserted  into  an  iron  tube  and  cemented  there  with  plaster 
of  Paris.  The  iron  tube  was  filled  with  wires,  leaving  only  very 
narn»w  passage  ways  between  them.' 

Intii   these   flasks  Kueh  fluids  as  sugar,  gelatine,  and  hay 

^hnfusion — cheese,  sugar,  and  gelat  ine — flenh,  sugar,  and  gelatine, 

itc.,  were  introdueed,  and  boileri  for  periods  varying  from  fifteen 

.minutes  to  two  hours,  while  at  the  same  time  the  iron  tube, 

illed  with  wires,  was  heated  to  redness.  On  withdrawing  the 
lamp  from  the  flask,  the  air  which  entered  jKissed  over  these 
heateil  iron  wires.  When  cold  the  flasks  were  sealed  with  the 
blow-]>ipe.     Fourteen  vessels  were  prej>ared  in  this  way,  and  in 

:n  of  these,  when  o^iened  after  the  hipse  of  various  |)eriods  of 
time,  organisms  were  found,  geueniUy  vibriones  aud  bacteria. 

'he  other  four  remained  Iwirren. 

2.  In  a  second  set  of  experiments  the  cork  in  the  neuk  of 
:he  flask  was  avoided,  the  neck  itself  being  drawn  out  and  bent 

right  angles,  juid  into  the  tirifice  of  this  tube  the  iron  t.ube 
ras  cementetl.     The  other  conditions  were  the  same  as  in  No,  1. 
Similar  fluids  were  used  here  as  iu  the  former  ease,  such  as 
ilatine  and  sugar  with  a  few  drops  of  urine  and  milk,  beef 
infusion,  &c.     Tliirteeu  flasks  were  treated  in  this  way,  and  iu 
^—-all  organisms  aj>i>eared. 

^H  3.  In  others  the  flask  w^is  sealed  at  the  ordinary  tenifK^rature 
^^ of  the  nM:)m,  after  the  fluid  (o  be  tested  had  been  intriHUut^d, 
^^luid  then  it  was  subniergi'd  for  a  variable  perio<I  in  lioiling 
^Krater.  This  wiis  a  ro])etition  of  the  experiments  of  Needham 
^^and  S|i:illanzani.  Iu  all  tlie  flasks  so  treated  organisms  de- 
veio|)ed. 
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Four  e3qierimpnt8  were  made  nnrler  pressiiFe,  and  of  these 
two  gave  evidence  of  life  (*  monads  and  vibrios  *),  the  other  two 
remaining'  htrrt'n. 

Such  facts  coming  from  an  accurate  and  totallj  unprejudiced 
observer  cannot  be  dismiaseii  lightlj.  It  is  quite  evident,  on 
reading  Wyman's  juiper,  that  the  factit  are  accurately  nanatvd, 
aTid  we  must  thtTt'fore  sfe  whi'ther  any  flaw  can  be  di'f^cted  in 
the  method  of  exiTerinientation,  and  we  must  attempt  to  find 
«on»e  explanation  of  results  ko  diametrically  upposed  to  those 
obtained  by  Paateur  which  are,  it  must  be  rememberetl,  equally 
indis|iutable. 

Now,  if  we  com|Mire  tlii«  method  with  that  ad(»]>t<'d  by 
Pnsteur,  we  slmll  see  that  with  one  exception  the  esflcntial 
details  are  the  same.  This  excejition  is,  however,  an  extremely 
inn>ortant  one,  and  iw  probably  the  explanation  of  the  diverse 
results  obtained  by  sevend  honest  workers,  and  even  by  the 
same  worker  at  different  times.  PaBteur  takes  a  flafik  having  a 
capacity  of  250  to  3(tO  ccm.,  and  into  this  \00  to  150  c.ern. 
of  the  liquid  are  intnxluced.  Wyman  uses  flasks  var}*ing  from 
500  to  800  ccm.  in  capacity,  and  into  these  he  pats  12  to  40 
com.  of  the  liquid.  (In  neither  case  was  there  any  attempt 
at  preliminary  purification  of  the  walls  of  the  flask  or  of  the  air 
in  the  interior.)  In  Pasteur's  experiments  the  fluitl  occupies 
\  or  more  of  the  cajiacity  of  the  vessel;  in  Wyman »  only  -*^ 
to  3V  l>art. 

Such  is  the  only  imj>ortant  difference  between  their  methods  ; 
find  this  aflfords,  I  believe,  mufticient  explanation  of  the  op|)osit0 
results.  For  in  Pasteur's  flask  only  a  jiroportionally  Hmall 
part  of  the  wall  of  the  flask  has  to  be  purified  by  the  steam, 
and  tbe  extent  of  this  pnrt  is  of  course  mueli  diniinishod  by 
the  ebullition  of  the  fluid  during  boiling.  There  is  also  in 
Pasteur's  flask  only  a  very  small  qtmntity  of  air,  with  its  dust, 
to  Ih?  acted  on.  It  is  thus  not  to  be  wondered  at  that  ji 
barren  result  was  obtained.  Rut  in  WymanV  experiment* 
by  far  the  greater  ]>Jirt  of  the  flask  and  of  its  contents  is 
impure,  and  can  only  be  purified  by  the  steam.  Aow  steam,  a« 
heat,  must  Iw  looked  on  as  drj'  heat,  and  it  is  stated  by  W^Tnan, 
in  a  later  publication,*  that  certain  foi-ms  of  organisms  may 
•  American  Juvrnal  of  Science,  vol.  xliv.  1867. 
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■psist  tho  pn»loTigcd  application  of  even  a  higher  clry  tempera- 
ture thiiii  212°  F,  NVyman  also  points  out  tlmt  the  tein])era- 
liure  of  the  air  even  half  an  inch  al)ove  the  surface  of  Vvtiling 
water  is  many  de^reeH  below  the  boiling  point.  How  ninch  lower 
then  will  this  temperature  be  at  the  oritice  of  this  large  flaiik 
during  the  gn-ater  part,  of  the  time  in  which  the  fluid  is 
boiled?     But  even  admitting  that  steam  is  m^ist  lit^at  (what  T 

I  Kill  by  no  means  disposed  to  allow)  several  rema.rkabJe  instances 
of  vegetable  growth  at  high  temperatures  are  produced  by 
Wyman,  in  one  ease  even  at  a  tenii>eratui'e  of  208°  F. 
Such  is  the  explanatiijn  I  would  give  of  WymanV  results, 
and  that  this  is  a  true  explanation  will  be  very  evident  when  I 
oouie  to  the  consideration  of  the  method  of  ex|)erimentation 
adopted  by  Mr.  Lister,  This  ex])lanation  accords  in  every  way 
with  my  own  exi)erience,  in  which  I  covdd  [»oint  to  several 
similar  instances. 
^  As  I  have  said,  ^V'\^nan  is  generally  fjuoled  in  support  of 
0the  theory  of  siMintJineons  generation,  antl  at  one  time  1  th(»ught 
that  he  had  entertained  that  view,  but  the  f»»Ilowing  facts 
brought  to  my  notice  by  his  brother*  Dr.  Morrill  Wyman,  show 
that  he  never  gave  any  ex])ression  of  opinion  on  this  point,  and 
that  he  aj)]ireciated  the  possibility  of  such  an  explanation  of  his 

■results  as  f  have  given. 
His  first  article  is  entitled  *  Experiments  ou  tlie  formation 
of  infusoria  in  lioiled  solutictns  of  organic  matter  enclosed  in 

■  hermetically  sealed  vessels  and  sujtpHed  with  j»ure  air,''  and  his 
second,  'Observations  and  e.x[)erimeijts  on  living  organisms  in 
heated  water.'*     With  regard  to  the  object  of  his  research  he 
says,  *The  observations  and  experiments  contained  in  this  conj- 
munication  have  not  been  brouglit  together  either  for  sustain- 
King   or   ntfuting   the    doctrin(i    (spontanc^ons   generation)  just 
^referred  to,  but  jwirtly  with  the  view  of  testing  the  accuracy  of 
the  experiments  fonnerly  made,  and  chiefly  for  the  j)Uqiose  of 
ftdetermiuing  how  far  the  life  of  certain  kinds  of  low  organisms 
^is  either  sustninwl  or  destroyed  in  water  which  has  been  raised 
to  a  high  temperature,  a  result  which  must  be  reached  before 
■])ontaneous  genemtion  can  be  either  asserted  or  denied.' 

*  SUivum^g  Journal,  vol,  xxxir,  1862. 
»  Urid,  vol.  xllv.  1867. 
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With  regard  to  his  experiments  he  says,  '  In  the  firvt 
experiments  tlie  red  hot  tube,  beyond  u  question,  de8troy«  uH 
organisms  contained  in  the  air  which  enters  the  flask  through 
it,  but  is  without  eflfect  tm  Huch  as  may  be  contained  in  the 
4ution,  or  adhere  to  the  inner  surface  of  the  glass.  Thene 
come  in  contact  only  with  Ixuling  water  or  steam,  and  unless 
destroyed  by  one  or  the  other  of  these  would  be  sufficient  to 
vitiate  any  exjHjriment,  however  careful  the  adjustment  and 
heating  of  the  tube  may  have  been.  We  therefore  believe  that 
the  tube  is  an  unntxicssjiry  and  useless  complication  of  the 
ajJiiaratus," 

In  another  set  of  exj>eriments  it  was  shown  *That  if  the 
boiling  of  the  flasks  was  continued  for  four  hours,  the  infusoria 
may  ap|K^ar  nevertheless — though  in  other  cases  it  has  happened 
tiiat  life  ceased  to  be  manifested  if  it  was  continued  only  for 
two  hours/  *  hi  pushing  the  expcnmcnt  still  further,  w^e  have 
not  found  that  infusoria  apj>eared  in  any  instance  if  the  boiling^ 
WHS  prolonged  to  five  or  six  hours.'  8evend  experiments,  in 
which  many  flasks  were  used,  were  tried,  but  *the  result  was 
uniformly  the  same.  Thus  a  limit  to  the  development  of 
infasaria  in  boilin*^  water  was  reached.'  Dr.  Wyman  tells  me 
that  in  the  summer  of  1880  he  pxamined  one  of  these,  tlaski 
which  is  marked  as  having  been  prep:u*ed  in  June,  1867,  ani 
which  has  remained  unopened  ever  since.  'Judging  by  the 
signs  above  given  '  (absence  of  scum,  of  nniddiness,  or  offer- 
mentation)  *  there  is  no  eWdence  of  infusorial  life.* 

The  last  defence  of  heterogene.'^is  which  it  is  necessary  to 
consiiitT  is  that  by  l>r.  HaHtian,'  He  gives  up  the  theory  of 
urganic  molecules  derived  fi'OTn  ^rexHouely  living  Tnolecu-leSy 
and  attemiits  to  demonstrate  that  vital  force  and  living  matter 
may  arise  dc  novo  under  the  action  of  the  uixiinary  physical 
forces — heat,  light,  electricity,  &c.  This  change  of  front  on  th< 
part  of  the  heterfigeuitits  is  clearly  bronglii  about  by  the  ovei 
whelming  evidence  prtNlucetl  rigainst  I'uut-het's  views,  and  moi 
espepially  by  Pasteur's  success  in  cultivating  organisms  from 
dust  in  Ihiids  containing  no  organic  niatttT.  A  further  admis- 
sion is  matie  whieh  soiuewhat  simplifies  the  i[uestion,  viz.,  that 
organisms  have  the  i)ower  of  self-multiplication. 

'    The  SrgiHuiug*  i»f  Life,  1872,  Jkc. 
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The  limitation  of  cases  of  6(>on(:aneous  genemtiou,  which 
has  been  gnuhmlly  (akini^  pliuro,  is  cxrewliiigly  instructive. 
ISegiuning  with  the  higher  iiuimals,  it  became  gradually  more 
limited^  irog'^  flies,  &c.,  lieing  by  degrees  excluded,  till  now  it 
is  only  in  the  case  of  the  lowest  fonns  of  life  that  the  doctrine 
is  asserted,  and  even  there  only  in  certain  instMnces.  The  cjises 
which  are  yet  doubtful  are  given  by  Ba^tian  in  the  work 
quoted,  and  may  be  grouped  into  three  divisions. 

1,  The  lirst  division  relates  to  the  development  of  organisms 
in  various  fluids,  more  especially  in  vacuo— n  condition  which 
Pouehet  looked  on  as  inimical  to  life! 


Into  Husks  |)ortioji8  of  various  infusions  were  introduct;d.  Tlio 
latttir  wei-c  then  lKiile<l  for  from  ten  to  twenty  mintites,  and  hernieti- 
CJilly  sealed  while  still  boiling.  The  fluids  aned  were  turnip  and  hay 
infuMoiiSj  tuid  ulso  solutions  of  certain  sftlti>r  chiefly  citiiite  of  iron 
nod  ammouiu  ooutuiniu^  ]>oitiuas  of  wood,  chuo.sCj  k<i. 

The  conditions  of  the  first  exi>eriinent  mentioned  are  very 
striking  and  unusu;d. 

'A  elosed  flask  containing  a  vrry  strung  infusion  of  buy 
(iM)iled  for  five  minutes),  to  which  fuul  btfeu  utltlrU  .\Jh  part  o/ 
carbolic  aciti,  was  ojiened  twelve  days  after  it  had  been  henneti- 
cidly  sealed/  li;tstian  slates  that  this  flask  contained  organisms 
of  a  peculiar  form, 

!!)Uch  a  statement  us  this,  that  a  suiurated  solution  of  carbolic 
ftcid  (for  a  watery  fluid  at  tlu'  or*lin:iry  tmiprniture  containing 
J,jth  [Kirt  of  ciu-bolie  lu-id  is  saturutt-d)  can  penn.lt  the  growth 
of  organisms,  is  absolutely  opiM.)8ed  to  all  exix*rience  and  ex- 
iK'riment.  In  experimenting  with  tumi]»  irifusion,  cucumber 
infusion,  &c.,  I  have  never  l>een  able  Uj  grow  any  sort  of  organ- 
ism in  these  fluids,  when  they  contained  a  larger  pro|Kjrtion  of 
cnrboHe  acid  than  7^ j^lh  part.,  even  th<»ugh  sevetul  drops  r»f  flui<is 
swaniiing  with  Uicteria  wi^rc  introtlnce<l.  Further,  I  Icive  lately 
|ieriV»rmed  the  following  experiment : — In  January  \HH(j  I  iutro- 
duertl  earbolie  acid  into  flasks  contjiining  strong  unboiled  hay 
infusion  sotts  to  have  a  strenglh  of  the  acid  present,  vju*yingfrom 
1  in  20  to  1  ID  2(X)  |»artfi.  These  flasks  were  then  covered  with 
cotlon-wo<.d  eajis,  and  placet!  in  an  incubator.  When  examined 
six  weeks  later,  there  had  not  yet  appeared  in  any  one  of  them 
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anj  sort  of  organism.  And  lastly,  thii*  sttttement,  that  organ- 
isms can  develop  in  ncul  fluids  after  boiling,  is  contrary  to  the 
whole  tenor  of  Dr.  B;i3tian's  l:itt*r  remarks,  for  lu5  strong  |K>iut 
is  tlu*  dcveloinuont  of  organisms  in  alkaline  — not  in  ucid  -  Huids 
after  prolonged  boiling. 

Bustian  also  employs  turnip  and  liny  infusions  (without 
cai'bolic  acid)  and  Holutions  of  such  sidts  as  eilrate  of  iron  and 
uinnionia,  and  he  finds  that  a  slight  sediment  occurs  vhidi 
eont;iins  ».>rganiiinis.  He  generally  has  to  introduce  such 
things  as  deal  wood,  cheese,  etc.,  in  order  to  get  this  resuU. 

With  i*egard  to  ex]K'rlments  on  such  Huids  as  hay  infusion 
and  turnip  infusion  without  eheese,  I  may  slate  that  I  have 
quite  lately  rei)eatcd  theui  with  exactly  opjiosite  results.  At 
first  I  proceeded  to  repeat  them,  following  closely  Dr.  Hasfian's 
directions,  in  the  i*xpect;itinu  < if  getting  org.inisnis,  and  hwrkiug 
out  for  some  explauatiou  of  their  oeeunrnce.  The  physical 
forces,  or  whatever  else  it  may  l>e,  were,  however,  not  favoiu-aibly 
diajKised  for  spiintaneous  generation  at  the  time  and  jdaee 
where  I  }>erforuied  those  experiiUeuts,  f(^r  to  my  sm'prise  I 
was  unable  to  obtaiu  any  devtdo]inient  of  organisms.  I  tried 
sevenil  nuHliCiout  ions,  in  the  liopr  of  lludijig  the  cause  of  their 
absence,  but  whichever  of  ihtj.se  vegetable  fluids  I  used  T  was 
able,  with  proper  precautions,  to  preserve  them  with  the 
greatest  ease.  Sjuie  speciiut-ns  were  very  difficult  to  filter, 
and  in  some  a  slight  muddiucss  occurred  ou  boiUng,  :md  the 
granular  deposit  might  very  readily  be  mistaken  at  first  sight 
for  organisms,  though  some  cui'e  and  experience  would  easily 
prevent  such  an  error.  Hut  I  have  l>oile<l  the  fluids  for 
a  few  minutes  and  then  filtered  them  under  pressure  (1  could 
not  in  this  way  remove  any  of  Dr.  Bastian's  sup]»osed  physical 
forces) ,  and  having  thus  obtained  a  perfectly  clear  licjuid,  1 
treated  it  like  the  others.  There  was  now  no  de|>osit,  and 
nothing  which  could  be  mistaken  for  orgtmigms. 

No  <k>ubt  *)ther  observers  have  jfrodueed  evidence  which 
apparently  at  first  sight  supiHjrted  Dr.  Hastian*s  views.  I 
refer  (x»  the  class  of  exjieriments  iu  which  jirolonged  boiling 
was  rei]uir<;d  ftir  sterilisation,  but  m;iny  of  these  results  deiH?nd, 
I  believe,  on  the  same  causes  as  Wyman's,  vi^.^  imperfect  i*uri" 
fication  of  the  walls  of  the  fiasksnnd  of  the  air  in  their  interior, 
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whilfj  tbe  fact,  that  in  some  instances  such  resishmce  was  met 
withj  surely  implies  the  ])reseiice.  of  some  form  of  encysted 
organism  or  resisting  spore,  or  of  an  organism  i»laci*d  uinier 
conditions  in  which  it  is  not  perfectly  heattul,  rathi.'r  than 
some  rare  form  of  organic  uioleciile  or  pliysical  force. 

The  former  Wew — that  there  is  pn*8<.^nt  in  the  infusions 
some  form  of  resisting  sjiore  which  can  withstand  the  high 
temperature^ wui^  shnwu  by  <'ohn  to  be  correct  in  the  ease  of 
the  experiments  where  j>ortions  of  cheese  were  intr<Kluced.' 
He  repeated  Haitian's  cheese  e3:]>eriraent8  with  great  care,  and 
found  that  after  exj)osure  to  a  temperature  of  100"  C.  for  ten 
minut«s,  organisms  still  developed  in  (he  mixture  of  cheese 
and  tumi]).  He,  however,  obwerved  that  these  organisms  were 
always  of  one  it)Yux{BacllliUi  8tihiUis)y^nd  that  Bitcterittvi  lermo 
and  other  forms  were  absent.  Ou  invegtigatiug  this  subject 
further  he  found  that  these  bacilli  did  not  merely  grow  in  the 
foni)  of  long  rods,  but  tliat  they  jjroducetl  sjioren,  and  lie  had 
previously  ascerUined  *  that  the  sjwres  of  these  organisms  were 
possessed  of  peculiar  resisting  powers.  Indeetl,  such  was  their 
power  of  entlurauce  under  high  tem]>eratures,  that  if  some 
satisfactory  explanation  could  be  given  why  they  should 
always  occur  in  these  experiments,  the  whole  mystery  would 
be  solved,  and  the  tliciiry  of  spontaneous  generation  would  no 
longer  be  supported  by  these  facts. 

Cohn  therefore  turned  his  attention  to  tlie  manufacture  of 
cheese.  The  Swiss  cheese  is  made  in  the  following  manner : 
milk  18  placed  in  large  coi»[)er  vats,  and  is  coagulated  by  the 
aijtjitiou  of  rennet.  This  is  allowed  to  sUmd  for  a  quarter  of 
an  hour,  and  then,  after  having  been  kept  nt  u  ti-iuptTature  of 
from  55*^  to  60°  C.  for  an  hour,  it  is  bn^kt^n  up  into  small 
massL'S.  These  are  now  taken  u]i  in  a  eliith,  placed  in  a 
mould,  and  pressed  for  twenty-four  hours.  The  cheese  is  then 
taken  out  of  the  mould,  transferred  to  a  cellar,  and  kept  at  a 
teinpeniture  of  10°  to  12°  C.  for  several  months,  salt  biting 
daily  rubbed  over  its  surface.  I^istly,  it  is  stored  till  it 
attains  its  full  ripeness. 

'  See   VntertiHchungiH  iihfs-f  Diuyterien^  Gfhn'*  Seitra^e  zur  JiioUpffie  Ar 
Pjtanzen,  Erstcr  Band.  Urittca  Heft,  p.  188. 
•  C'olm,  Hid.,  Uefi  2.  p.  176. 
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ISO  srOXTAXEOrS  GEyEHATIOX. 

The  only  sta^rt-  iu  tin-  pr^orss  whk-h  ii  i<  necessary  to  con- 
sider i#  the  ri|*ening  *>f  the  chee»o.  O'hn  {M.>int$  out  that  this 
is  a  true  fermentation  due  to  tht-  j^owth  of  organisms  ;  this 
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Fig.  64.— Bacillvs  si-btilis:  with-ii't  srH>KK.:s:  with  spores  vs  tdb 

KOD*;   KKEE  SPOBEai:     x    i>«»  lAf-TEB  0»HS). 

ferraeutiition  Ix-gins  duriui;  the  first  iwenty-f.mr  hours,  while  the 

ouni  is  stil!  umlt-r  thr  |»rr<<.  and  is  aci-oTiii»;uiied  bv  the  develop* 

nieut  of  larj^e  nuantilifs  <if  i^is.     Tlu*  ^l«>wrr  develo|iinent  of 

xW"  L::i>,  which  •»«vnr-.  latrr.  t-xiiUtins   the 

f<  rriiittion  if  ».;iv:!i.^  in  tin-  ohtfie.     The 

'  r.'-iiii- .i!   v':..;T;j'    •.■■!.*:-T>   in  th*-  [i;irtial 

J.-'-  t:-::Ti-f-':'!i;:i*:"ii    "f    tl..-    riiilk    >ilir;ir    int«.» 

t  •  cr'^-fi  ■  iMity::--  .n  j.l.     Tl..'   |.r'  liiiiinary   hratiug- 

"C  T"  •''•'*    ..:-rtii'    r.  kil>  all  rli*- orLjiinisms 

vx<'-:t  ;!..    ■m,  i;'.t  wl.ivl.   ixivt-  risr  to  this 

'''i:yr:r    ft-:-:..  !i';i'i.  v..       \  >n     i-xainiiuutr 

t:.-  :v:iU't  «'.:.n  t- •".:..!  tj.:,:   it  ua?  full  of 

''"KKv^:r:'":;:',-T,s'   K...i;:i...-ny..;«i.i,h  .•..u-:>i;.,.-,l   s,K,r^., 

•  •J-  A  MA" '-r  MI' KM.  ;i!i'i"f  fiv--  -i":«>.     T.v  tI;.-  aiMitioii   of 

i;a.ii.li.    X  o.H,  :.u.  Tl."  r.-i.i:.r   r-.   tl..-  nn.K   ,-:...rmous  lumi- 

TEi:  '  "HNj.  !..-r-   "f  rl.'.-f   ^j*":-'--^  a:--  >.''.vn  iu   it,  and 

t1.»-     -u: -.•iiutiit     ^tirrii.:,'     iiiiN'->     tliein 

th<»r<ju:,'lily    wirh   it.     Ti."--  -jc-r.-^  r-ca].*'  tj. ■;.:!:  :ir  tIh-  tein- 

j»*fratiu-r    "f    'i')     -\\\{'    r„    \x\\\    'l'-v«]"|<  ill    ri  .     »i...-i*,    tlius 

cau-iii£^   it-   ri|M'ijiiJt^.     Ti.*  v   Lav*-  Im^-u    >L..\v!i  t.«  iv>i>t  hitrlj 
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t^mponiturcs,  and,  when  used  in  Bastian's  infusioiiH,  they  are 
not  destroyed,  and  tlius  wo  have  a  satisfactory  exidaiiation  of 
the  frequent  development  of  bacilli  in  these  exiieriineats,^ 

The  other  Wew — that  the  organisms  were  imperfectly 
heated — was  urged  against  Dr.  Bastiairs  exi>uririu'iits  by  Dr. 
Robt^rts  Jis  lung  ago  aa  1873.  After  ]«»intiug  out  that  atmo- 
spheric germs  may  get  into  the  flasks  at  the  time  of  sealing,  he 
goes  on  to  a  second  source  of  error,  which  he  considers  much 
more  im|x)rtant.  'It  is  this:  Dr.  liastian's  pnxrcss  does  not 
insure  tliat  the  entire  contents  of  the  Hjisk  are  efifectively 
ex]>osed  to  the  boiling  heat,'  lie  refers  to  the  difficulty  in 
boiling  milk  and  fther  substances,  owing  to  the  s|)urling  and 
frothing  of  tlie  fluid  ;  but  he  shows  that  if  this  is  avoided  by 
simply  iTH'mermng  the  jLtttka  in  boiling  water,  the  difficulty  in 
rendering  them  barren  is  overcome.  He  says:  '  The  essential 
conditions  of  the  ex])on*ment  are  first  the  effective  exjiosure  of 
the  whole  contents  of  the  flask  to  a  boiling  heat ;  secondly, 
the  absoUite  j>revention  nf  any  fresh  entrance  of  extraneous 
solid  or  liquid  [Mirticles;  and  the  conclusion  I  have  come  to  is 
that  if  these  conditions  are  rigidly  observed,  the  flasks  remain 
l)arren.  If  they  do  not  remain  Imrren  it  is  sinqjly  because  one 
or  otheT  of  the»e  conditions  has  not  been  i>bser\*cd.' 

In  ansT»*er  to  this  Dr.  Bastian'  rej^Iies:  'I  feel  quite  sure 
that  in  my  exi)eriments  no  ix^rtion  of  the  inner  surface  of  the 
glass  has  escaj»ed  t]ie  scathing  actirm  of  the  Ixtiling  fluid.  The 
vessel  has  generally  been  more  than  three-fourths  full  before 
the  ]>roce8s  of  heating  has  l>e<*n  commence<I,  so  that  where 
ebullition  occurs  the  fluid  has  always  swept  over  the  ])reviou8ly 
uncovered  inner  surface  and,  as  Dr,  Sanderson  testifies,  "  dur- 
ing the  boiling  some  of  the  litjuid  was  frequently  ejected  from 
the  almost  capillary  orifice  of  the  retort/*  Tht*  inner  surface  of 
the  vessel  was,  in  fact,  always  thoroughly  and  rejK^tedly 
washed  wiih  the  boiling  flni<l,  nearly  half  of  which  has  been 
spurteii  away  in  order  that  I  might  effeef  this  f>hject,' 

Now  it  is  just  the  spurting  of  the  liipud  which  is  so  danger- 


■  The  experimtintu  of  Huiidngn,  nn  wliicli  BnatiBn  la,VB  great  stress,  hare 
bc!en  nTuted  by  SoroueI«)n  i^iyfiitfrr'H  ArcMe^  viii.  p.  277)  and  by  Qsobeidlen 
(thid.  ix.  p.  14>3). 

*  iVtf^MV,  FobrtiaTj'  27,  1S73 


183 


SPO?i'TANEOVS  OEXEIiATJOy, 


ous,  for,  with  the  bul)bles,  solid  fiarticles  are  carried  up  and 
deposited  on  the  neck  or  sides  of  the  flask,  out  of  reach  of  the 
boiling  hquid,  and  they  may  not  be  actefJ  on  by  the  frothing 
fluid.  I  also  very  much  doubt  if  a  bubble  of  steam  sweeping 
over  the  wall  is  to  be  regarded  as  a  very  efficient  way  of 
applying  moist  heat;  certainly  it  is  not  so  efficient  a-boiling 
in  a  fluid.  That  great-er  success  is  obtained  when  this  s|iurt- 
ing  and  frothing  do  not  take  place  lias  been  stated  by  Dr. 
Roht-rts,  and  this  stJitement  is  quite  confimKMl  by  Mr.  Lister's 
ex|tenence  with  milk,  where  he  uses  the  method  of  immersion 
with  perfect  succe^,  and  for  (ho  snme  reas<.»ns. 

But  surely  this  view,  that  the  walls  of  the  vessels  remain 
impm*e,  is  the  only  way  in  which  Bastian's  facts  can  be  recon- 
ciled with  (iniitliuisen's  ex|MTiuieiits  ineTitiotie<l  by  Biuftian 
himself  in  a  paper  read  before  the  Koyal  Society  on  March 
2()th,  1873,  T  will  just  quote  Dr.  ]5;i,stian'K  remarks  and 
ex}M?riments  in  connection  with  this  paper.  It  is  to  be  observed 
that  Bastitm  used  this  method  for  ascertaining  the  death-]>oint 
of  bacteria,  and  the  title  of  the  paper  in  which  these  stato- 
int'iitH  oeeur  is,  'On  the  teniiKMiiture  at  which  baef^r-ria, 
vibriones,  and  their  supposed  genns  are  killed  when  immersed 
in  fluids  or  exjvosed  to  heat  in  a  moist  state.* 

ilesays:  'It  was  poiutcd  out  by  Gniithuisen  early  in  the 
present  centnry,  that  many  infusions,  otherwist?  very  productive, 
censed  to  be  si>  when  they  were  poured  into  a  glass  vessel  whilst 
bfiiiing,  and  when  this  was  tilU'd,  so  that  the  tightly  fitting- 
stopper  touched  the  fluid.  Having  myself  proved  the  truth  of 
this  assertion  for  hay  infusion,  if  seemed  likely  that,  by  having" 
recourse  to  a  method  of  this  kind  1  slionlil  be  able  to  l<^wer 
the  virtues  of  boih^  hay  and  tumiji  infusions  to  the  level  of 
those  jjossessed  by  the  Iniiled  saline  solution  with  which  I  had 
previously  experimente*!,  that  is,  to  rediicr  (lu-ni  to  a  state  in 
which,  whilst  tliey  apjH^ar  quite  unable  of  themselves  to  en- 
geiuh'r  lincteria  or  vibriones,  they  continue  well  ca}^ble  of 
favtiuring  the  nijiid  multiplication  of  such  orgfinifluis. 

'This  was  found  to  be  the  case,  and  1  have  accordingly  j>t^r- 
fonned  upwards  of  100  csjieriments  with  inoculated  fjortions  of 
tlK!se  two  infusiinis  raised  todififerenttenijteratures.  The  mode 
in  which  the  experiments  were  conducted  was  as  follows: 
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*  Infumoiia  of  hay  and  turnip  of  slightly  ctiffereDt  strengths  were 
employed.  Those  inlusioiiH  having  lx*on  6i:»t  loosely  fl!  rained  throujrh 
muHLin,  were  Iwiled  for  ahout  ten  or  fifteen  mmuten.  iiiid  then  whiist 
boUing  Htriiiiied  Ihrougb  ordimiry  Swedinli  UlU^rin^'  {taper  into  a  glass 
beaker,  which  hiwi  prev-ionsly  lx«n  well  riuseil  with  boiling  wiiter.  A 
numl)er  of  gliusH  bottles  or  tubes  were  also  prepared,  wliicb,  together 
with  their  Htop|>er8  or  corks,  had  been  l>oiU'd  in  onb'nary  tjip  water 
for  a  few  minutes.  They  wore  taken  out  full  of  tlie  bftiliiig  finid,  and 
the  Rtopiiera  or  corks  l>cing  at  once  luj^erted,  llie  vessels  and  their 
contents  wei-e  set  aside  to  «)o!.  When  the  tiltered  infusion  of  hay  or 
turnip  had  Ifcen  rapidly  co«ile»l  down  to  aliout  110''  F.  (by  letting  the 
lioiiknr  contftining  it  stand  in  a  lar;ge  basin  of  cold  water),  it  was 
inoculated  witli  some  of  a  turbid  infusion  of  hay  swarming  with 
artive  Itorteria  and  vibriones,  in  the  projKjrtion  of  one  drop  of  the 
turbid  fluid  to  ftich  fluid  ounce  of  the  now  clear  iilt^'it^i  infuKinn. 
The  boAker  waa  then  placed  upon  a  Hund  bath,  and  itt^  contHuncfl  tinid 
(in  which  a  Ihcrraometer  was  immersed)  gradually  raiatnl  to  the 
required  t<»mi>enitur(;.  The  fluid  was  mointjiinod  at  the  same 
tom|ieratiire  for  five  minutes  by  altornntf^ly  raising  the  l)oakcr  from 
and  replacing  it  upcwi  the  sand  Uith.  The  bottles  to  be  used  wei*e 
then  one  by  one  nncorked,  emptied,  and  refilled  to  the  brim  with  tiie 
heat«d  inocnla1e«l  Huid.  The  corks  or  fttopj)erri  were  at  once  vej-y 
tightly  pressed  down,  so  as  to  leave  no  air  between  them  and  the 
surfaoi*  of  the  fiuids.  The  beaker  was  then  replaced  upon  the  sand 
batli  rind  the  gas  tnnied  on  moi-e  fully,  in  order  that  the  experiment:*] 
fluid  might  be  rapidly  ntised  to  a  tomjieniture  9°  F.  (0"  0.)  higher 
than  it  had  been  Wfore,  After  five  minutes*  ex)>osureto  this  temjtera- 
ture,  other  bottlot  were  tilled  in  the  same  manner,  and  so  ou  for  the 
various  tern jieiTitu res,  the  influence  of  which  it  was  denired  to  test.' 

Tliese  bottles  were  kept  at  a  temperature  of  from  65**  to  75* 
F.     The  resiiItH  were  as  follows:  — 

•■The  ex|>eriiiientui  result?  here  tabulated  seem  Doturally 
divisible  into  three  groups.  Thus,  when  he^ited  only  to  131'  i\ 
all  the  infusions  became  turbid  within  two  days,  just  as  the 
inoculated  saline  solutions  had  di»ne.  Heated  to  15S^  F,  all 
the  inoculated  organic  infusions  remained  clear,  lis  had  been 
the  case  with  the  saline  solutions  in  my  previous  ex|>eriineuts, 
when  heated  to  140°  F.  There  reumins  therefore  an  intcr- 
nieiliate  heat  tone  (ranging  from  n  little  below  140°  F.  to  a 
little  Inflow  LOB**  F.),  after  an  ex|)«jsure  to  which  the  inoeidato<i 
organic  infusionaare  apt  to  become  more  slowly  turbid,  although 
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inoculated  saline  ft«)1ution«  raised  to  the  same  temj^erature  in- 
variahly  remain  unaltereii.  ...  we  niay  quite  safely  concludes 
that  Ijacteria,  vibrinnes,  and  their  snpjKised  germn  are  either 
actually  killtMl  <»r  else  eoinpleli'ly  deprived  of  their  |>owera  of 
multiplication  after  a  brief  ex|>osure  to  the  tcmjK'raltire  of  158* 
F,  (70°  c); 

With  the  conclusions  drawn  from  these  experiments  as  to 
the  death  point  of  hicteria,  I,  for  the  most  [Kirt,  a^ee,  but  I 
shall  have  to  refer  to  them  a^ain  presently.  1  have  introduced 
the  fact-t  here,  l)ecau8e  I  believe  that  they  add  i^trougconfirma- 
t4»ry  evidence  of  one  of  the  exi)lanations  of  Bai.tian's  results 
which  I  have  been  trying  to  establish,  viz.,  that  in  many  Ciises 
the  orgauismy  which  ap|K*arcd  in  his  fluids  after  boiling  did 
n*>t  arise  de  novo^  but  were  tierived  fn»m  particleH  on  the  walls 
and  in  the  air  of  the  vessel,  which  had  not  been  d«'prived  of  life. 
For  in  (imithnisenV  exiH'riments  and  in  RiHtian'tt  re]»etition 
of  them,  there  was  no  part  of  the  wall  of  the  vessel  nor  any  fdw 
in  the  interior  h'ft  to  Ik*  actrfi  <ni  by  m(»re  or  less  dry  heat. 
The  vessel  was  tilU-il  witli  fluid,  and  all  the  jiarticles  in  it  were 
subjectefl  to  moist  licjit.  And  here  tin*  high  temj)eratnres 
retiuired  in  the  other  cases  wer*^  not  nefessaTy.  A  tempemtiirG 
of  158"  P\  continued  for  a  very  short  time  was  sutheient  lo 
render  the  liquid  jiermanently  barren.* 

'  It  is  of  great  interest  lo  mention  hi'ro  tho  difficnltics  rxporicnrcd  by  Dr. 
Paul  Ttort  in  nltcmpting  to  prcitt'rvfj  meat  after  Bulijcoting  it  to  high  prvasure 
(■  Lii  prossion  baromftrique,'  p.  880). 

'  Ain«i,  dans  mes  prL'mi^^e8  cspf rienoos.  lorsrtno  jo  vonlais  consor^'er  uno  siab- 
Rtance,  apr^  I'avoir  eoumisc  A  In  comprca*!ion,  jc  fermaiad'an  bnn  t>ouclion  rle 
liAgB  le  Hiu'^im  oit  clle  C-lnit  pinrcf;  cohourhon  ^•tnit  perct'  d'nn  trou,  ct  lnnu|uc 
j'ttvai.**  retirt"'  ]e  llaenn  de  I'apiMirc-il,  j'applii|uni8  pur  cot  oriltco  fin  uuo  guiittc 
de  cire  fondue,  avoc  laijiielle,  dii  reste,  jc  cacliotais  lout  le  bouchon. 

*  Jc  nc  tanlni  pn.4  i\  ajipn^ndrn  f|un  (H>tti>  prf-caulion  6tail  insnttiitantf.  Los 
boQchona,  memo  uetifs,  tnenic  lavt's,  meme  chautTi^s  recipient  trop  aonven!  dcs 
gcrmos  encore  en  activil^'.  J'ous  olors  n'cours  aiix  inatnu^  hallnnB,  tii1>ef,  i|ac 
jY'iirnia  ilia  lamiie.  af<rfs  y  avoir  introduit  la  fiulislancc  en  experience;  le 
trou  prcsque  capillairo  de  la  partte  Min'c  permellait  A  I'Aipnlihre  de  pression 
dc  s'ctablir. 

'  Je  m'apercua  encore,  k  mes  d^TXsns,  quo  les  jrermes  restes  i\  IVtat  sec  snr  ]es 
parois  d»  j>r-Ii!  r^rifiieiit  snffisaient,  surtout  qusmci  il  s'affifsuit  de  la  piitr^^fac 
r iou, mon  labumtolrG  de di»*t^*tion  »;n  f'tunt  hourrV'.  (wur  t roubler  les  plifnouii^ia-K. 
Jc  nc  p<nivius  me  mettru  ertremeiit  iV  I'libri  qu'en  ajimtaiit  un  [kju  d  e;iu  ct  en 
remnant  avec  snin  le  rduipicnt,  avant  do  la  soiimottrc  A  la  compression,  ahn 
de  tuer  en  mf*me  teinpA  et  les  gcrmes  contcnus  dans  UsubstancCi  ct  oeux  de* 
parois  qui  se  truuvaiunt  inouille.s.' 
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But  was  the  fluid  in  thene  vessels  in  any  s])ocia1  condition 
which  prevented  the  origin  of  (irg;inismfl  ?  It  is  to  be  observed 
that  when  the  heat  was  not  high  enough  to  killorganisujs,  they 
developed  rejidily,  there  was  then  notljing  in  tlie  conditions 
which  prevented  tlie  develojunent  of  orgiinisinn.  Tlie  only 
differeuoe  iu  the  two  sets  of  experiments,  and  it  seems  to  be 
indicated  by  Baatian,  appears  to  he  timt  in  HiiHtian*s  former  ex- 
j»erirnents  the  flniiis  were  under  diminished  ntniosplieric  prefi- 
suTe,  while  here  they  were  not.  Tlie  conelu.sion  then  apjKirently 
is  that  a  vacuum  is  blotter  suited  for  the  si>ontaneous  origin  of 
organisms  tJian  the  nonnul  pressure;  and  thiit  Bueh  is  Bustian's 
view  is  openly  stated  by  him,  and  among  facts  in  supjiort  of  it 
we  find  the  admission  that  hiniip  infusion,  urine,  and  some- 
times hay  infusii>n,  may  remain  for  an  indefinite  tiine  in  Pas- 
teur's flasks  with  o|>eu  bent  necks  without  any  develiipment  of 
organisms  iu  them,  while  in  a  vacttum  organisms  arise  in 
similar  fluids,  especially  if  a  piece  of  cheese  has  been  added  to 
them. 

We  must  therefore  see  if  any  other  facts  favour  t  hi?*  In  rticuo 
idea.  As  I  have  already  stated,  Pouchet,  who  is  largely  quoted 
by  Bastian,  states  distinctly  that  a  vacuum  is  most  unfiivourable 
for  the  oceun*ence  of  8f>ontaneous  generation,  and  fie  employs  a 
vacmun  for  re]>eating  some  of  Pasteur's  ex]K*riments,  in  order  tt» 
showthata.s  soon  as  air  isadmitted,s[>on*aneous  generation  «HX'urs.* 

And  in  regarding  a  vacuum  as  inimical  to  life  when  com- 
pared with  the  onlinary  atmospheric  ]>rcssure,  Pouehet  was 
correct,  as  will  be  evident  from  the  following  quotations  from 
Paul  Bert's  recent  remarkable  work,  entitled  *Lji  Prossion  baro- 
melri(|ue.' 

On  submitting  seeds  to  low  pressures  he  found  that  ffem\i- 
iMlifm  was  much  delayed. 

Tims  in  his  350th  cxiieriment  ho  sowed  barley  in  earth  in  three 
pots,  and  placed  tlioni : 

A  under  a  glass  at  the  uormal  pressure. 
B      „  „    at  SO":- of  presanrc. 

\.      „  „    III.  —>     „  ,, 

Five  (Uys  later  in  A  the  shoot«  were  niuaerous,  very  green  and 
veiy  firm,  mensuring  about  1(K* 

B  less  niimorons,  less  green,  measuring  about  8*' 
C  still  leas,  measure  about  Gi^' 
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Next  (lay  tho!«o  Rhoots  weiv*  cut  off  at  tho  level  of  the  grain,  dried 
and  weighed  : 

End  shoota  of  A  wcigrhe<l  8"»*8. 
„  „  „  B  „  7"«-l. 
„        »        M    C        „  6n.K-2. 

A  low  pressure  was  also  found  to  be  inimical  to  vegetation. 

ThiiH  to  tiiko  his  359th  experiment : 

A  number  of  sensitive  plantH  abont  10**  in  height  were  each 
placed  under  a  liell  jar  on  August  1. 

Antjtigt  1.  A  at  OO"*  i)f  pressure. 

*-'  »»  -•-'    »      »» 

AfiguAt  3.  Some  IrnveR  have  fallen  fi-om  C. 

AufjttM  6.  A  leaflets  sensitive  and  open. 

]>      „        half  o]>en  and  little  nensitive. 
C      „        completely  closed. 

Auf/fist  7.  All  restort'd  to  normal  pressure. 

They  ai-e  all  sensitive,  hut  (■  mnch  less  ao  than  the  others.      C 
doeH  not  close  well  this  evening. 

AufjvM  0.  A  is  all  right,  very  sensitive. 

M,     Little  sensitive — sickly,  yellowish. 
C.     leaves  fallinj;  dfl' — clyins;. 

A  siniilnr  result  was  ol)tj'infil  \slu'ii  jmlrcsriblc  substances 
won;  Fiiltniitted  tu  v:u-yini|  ilcgirfs  of  low  pri'ssuri'. 

Tims  in  expcrimont  .Isfi  llic  niusclrs  of  a  do;,'  wcro  placed  : 

A  at  tlio  uoniial  jtrcssutc. 
It  at  3iS*''  of  pn-J-siifc. 

Four  days  laior  A  was  lu)rrll)]y  putrid. 
11  is  a  littlo  less  putrid. 

Experiment  ."^O^. — On  January    I7,  ciiual  sized  morpels  of  meat 
wci-p  plawd  : 

A  in  a  pi-ossui-e  of  lialf  an  atnios]il»rrc. 
r»  at  the  ordinary  pifssure. 

Other  two,  ('  and  I)  eontaiiiinj;  inereasfd  aiiiouiits  <»f  oxy<:pn. 
Jaitvorif  *_*').  The  meat,  "A'hieh  is  the  least  altered  in  appearance,  is 
A.     The  pieeoR  which  are  most  altered  are  C  and  I). 


nxpj^mMsyTs  with  SUPEHUEATED  FLVIDS.    187 

Without  luiiltijjlyiiig  the  experiments,  I  may  give  hia  reaalts. 
To  quote  hia  own  words  : 

'  Si  nous  envitfiigeons  d^ibord  celles  de  nos  experiences  qui 
ont  port^  Bur  la  diminution  de  pression,  nous  voyons  d'une 
manit^rc  nett«  quf'  duns  I'air  rareiir  In  jmtrefaction  a  6te  nota- 
blement  ralentie  et  I'oxydation  diminuee, 

*  Mais  ces  resultats  n'ont  rien  de  bien  extraordinaire ;  I'nn 
saviiit  depuis  longtemjis  (jtu*  In  imtn'factirm  Ti'rt  pas  liext.  dans 
If.  vide,  et  il  etait  tout  naturel  dt;  penser  (ju'elle  semit  d'autant 
moins  active  que  Tair  serait  plus  rare(i(5.' 

Dr.  Bastian  dn<'.s  not  always  nhtaiii  these  results  (growth  of 
orgiuiisms)  with  infusions  containing  chwHC,  ttcJ  If  he  unes  the 
rhid  of  the  turnip  in  preparing  tlie  turnijt  infusion  R]xmbincouB 
genenition  may  not  occur!  At  least  such  is  Dr.  Bastian's  ex- 
planation of  his  failure  to  get  organisms  iu  one  or  two  instanres. 
An  exi»eri?nent  is  also  narrated  in  Dr.  Sandersoas  letter  in  which 
the  wallp  of  the  fliisks  Avcre  lliontu^rlily  juirififd  b}'  heat  before 
the  iutro<]uclic*n  of  thi;  fluid,  in  order  to  see  whether  tlie  organ- 
isms were  or  were  not  attaehed  to  the  walls  of  the  vessels.  But 
this  exj>erinient  is  couipletely  nulHti^Ml  by  the  mode  in  which 
the  flasks  were  afterwards  filled,  for  Dr.  Haitian  chiu-ge<l  them 
by  'breaking  otf  their  points'  (they  had  been  sealed  when  hot) 
*  under  the  surface  of  a  neutral  infusion  (»f  turnijis  and  cheese, 
freshly  prepared  for  tlie  puquisi-  without  emjilnying  any  of  the 
rtnd/  Here  the  previtiuji  puritication  of  the  walls  of  the  vessels 
was  useless,  for  they  were  again  soiled  by  the  nnpurified  fluid 
jiassing  into  the  flask, 

II.  The  second  series  of  facta  on  which  Ih-.  R'lstian  bases  his 
arginnents  is,  that  certain  solutions  may  be  exposed  in  airless 
and  hermetically  sealed  flasks  t^  a  temjterature  <^)f  270°  to  275°  F. 
for  20  minutes,  and  yet  that  organisms  may  subsequently  de- 
velop in  these  flasks.  Such  fluids  are  cliiefly  strong  infusions 
of  turnip  rendered,  alkaline  by  liquor  ifotassa?. 

Now  I  have  alrefidy  referre<i  at  length  to  the  error  that  the 
orgjmisms  may  not  be  subjected  to  moist  heat  at  all,  and  my 
remarks  apply  here  also.  For  275°  F.  is  not  always  sufficient 
as  dry  heal. 

But  I  would  remark — and  this  niay  apply  to  some  of  the 
*  See  letter  by  Dr.  Burdon-SaTiderwn  in  Xatvrc  of  January  V,  I87.S. 


188 


SPOyTAXEOUS  GENERATION, 


first  serins  of  *-»X|M'ninoiits — that  in  only  one  or  two  cases  werr 
niimeroui!  and  distinct  HicL^'ria  fiuind;  and  I  huve  venliiriMl 
to  think  that  in  some  of  the  other  cases  the  de|»osit  which 
occurred  wns  simply  due  to  irnperfect  filtndion.  and  contained  the 
forms  denrriU^d,  these  f«tniis  not  liiiving  drvel*tpe<i  since  the 
iutroduetion  of  the  fluid  into  the  flask.  For,  I  wouUi  ask,  if 
they  had  devtlojied  anew,  why  was  the  fluid  not  full  of  them  ? 
Why  was  there  only  a  slight  dejHwit  ?  When  orgnntsms  are 
really  present  in  cultivating  fluids  (as  in  some  of  lijuttian^s 
exj^eriments)  they  till  the  fluid  and  render  it  turbid,  often 
with  a  seuui  on  the  surface. 

In  some  flasks  variuufi  foniis  of  organisms  were  found,  and 
fungi  were  jtresent  in  tin/ deposit  at  tht' Ixittom,  move  especially 
wiien  tartrate  of  ammnuia  was  used.  In  w)me  cas<»s  I>r. 
Bastian  mixed  deal  W(X)d  with  the  fluid,  and  found  l»dies  like 
vegetable  cells,  which  were  undoubtedly  yMniions  of  the  wood. 
With  regiird  to  tlif  fungi,  I>r.  Hastian  has  himself  [>ointed  out 
that  crystals  of  t^rtrat^  of  ammoniii,  when  old,  generally  con- 
tain fungi  in  their  interior. 

Professor  Huvley,  in  *  Natm*'  for  October  13,  1871,  statud 
that  he  had  8e<^n  Dr.  Iia<itian's  experiments  and  preparations, 
nn<l  cxpr(»sse<l  his  belief  that  the  orgimiwius  whieb  Dr.  Biistian 
got  out  of  his  tubes  were  exactly  those  which  he  \mX  into  them, 
that  in  fact  he  had  used  impure  materials,  and  thatwliat  he 
iinajL^iurd  tn  be  the  (gradual  drvclopincnl  of  lifeand  organisation 
was  the  simph'  ri'sult  of  the  settling  of  these  soliti  impurities. 
P'or  instance,  he  relates  how  on  one  occasion  Dr.  Ristian  showed 
him  a  sjH^imen  of  a  fungus  develo]M'd  sporitanemisly,  which 
Professor  Kuxtey  recognised  as  a  fvagnicnt  nf  the  leaf  of  a 
Sphitgnuin,  and  lliat  it  was  so  he  ultimately,  after  great  diffi- 
culty, eonviiiei'd  I*]-.  P.astiaii. 

On  the  otlu'r  hand,  it  is  but  fair  to  Dr.  Hastian  to  admit 
that  these  settled  inijiurities  were  not  the  only  things  which  he 
got,  and  that  in  reality  in  some  cases  undoubted  organisms 
developed.  Dr.  liurdon-Samlerson,  in  the  letter  just  quoted, 
says:  'The  accuracy  of  Br.  lijistian's  statements  of  fju-t,  with 
reference  lothe  particular  experiments  now  under  consideration, 
has  been  ]>nbiicly  (piestioned.  1  myself  doul>ted  it,  and  ex- 
pressed my  doubts  if  not  publicly,  at  least  in  conversation.     I 
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Kin  content  t'>  have  established,  at  all  events  U\  my  own  satis- 
faction, that  by  fullowing  Dr.  BaHtian's  directions  infnaioiis  am  * 
be  prei«ired  whieli  are  nut  deprived,  by  an  ebullition  of  fn»ni 
five  to  ten  minutes,  f>f  the  raeulty  <^'f  umlergoiiig  thone  ehemiciil 
changes  which  are  characterised  by  the  presence  of  swarms  of 
bacteria,  and  that  the  (h'velojtnient  of  these  organisms  e:in  pro- 
ceed with  the  greatest  activity  in  hermetically  sealed  tiasks, 
from  which  idinost  the  wh(>le  of  the  air  has  been  expelled  by 
boiling/  Cheese  was  used  in  n»ost  of  the  experiments  which 
Dr.  K>audersou  witueysed. 

Among  others  who  have  been  unsuccessful  in  rejieating  Dr, 
Bastian's  experiiiieutw  may  b''  iiienli^med  Dr.  K.  Kay  Laiiki'ster. 
lu  '  Nature  *  for  January  liO,  IHTO,  he  says,  '  In  nuuierous  ex- 
periments with  turnip  Holution  maile  by  Dr.  Pmile  and  myself 
recently  in  the  I^il»oratory  of  (he  Kegius  Profensur  of  AlKlieine 
of  this  University,  we  found  that  under  the  eondiliouK  given  in 
Dr.  BiiRtian's  book,  no  life  was  developed,  a  result  contrary  to 
that  obtained  hv  him  in  9IM)  cases  out  of  1000/ 

The  fallacy  of  Dr.  Hustian's  exiieritiirulH  with  ^^aline  solu- 
tions was  well  demonstrated  as  long  iigo  as  lt<72  by  Mr.  Hartley.' 
In  nn  inytariee  wan  he  able  to  confirm  Dr,  BastiauV  statements. 
In  his  tirst  r-xperiment  he  nuide  a  tiuid  consisting  of  a  5  per  cent. 
.solution  of  tartrate  of  ammonia  and  phosphate  of  soda  in  distilled 
water  sli^^htly  aeiditii'd  with  tartnrie  aetiL  Si-veml  tubes  were 
tilled  with  these  solutions,  and  were  heated  for  four  hours  to  a 
temi>crature  of  150^  C.  They  were  afterwanls  kept  at  a  tem- 
perature of  about  25"^  C  In  nnne  of  thein  did  any  organisms 
develop,  but  in  some  he  found  that  a  slight  dei>osit  occurred 
wluch  apjiarently  was  what  Bastian  had  taken  for  a  develoi*- 
ment  of  organisms.  On  exjiiniiiation  (his  titposit  was  found  to 
be  inorganic,  and  to  consist  of  silica  alone.  ^The  disotlic  |jho8- 
phate  had  attacked  tlie  glass,  the  silica  de[>osited  on  standing, 
and  hence  the  jelly-like  mass/  He  adds  further,  in  reference 
to  Dr.  Bastian'y  use  of  mageuta  as  a  test  for  fungi,  that  magenta 
also  stains  silica.'     Hartley  does  not  consider  these  solutiouB 

'  Tlic  italics  Jiro  my  own. 

'  J*rytcrt-iJirigji  of  tkr  limjal  Soeieti/,  vdl.  xx. 

'  I>r.  Kmiikland  (.V«/wrr.  Jannar)-  IK,  I871),in  wliosclnborator^'  Ih.  I*.ivi«t,iati 
had  porformcd  ihesc  experiments,  wa^  nut  salisticd  wltli  the  rcsult?f.  aad 
rcpoattxl  aomc  of  the  experiments  using  a  solution  of  curbonnto  of  muoionia 
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I  can  quite  confirm  Dr.  Roberts'H  statements,  for  1  Lnve 
U8ed  Ills  method  of  boiling  t.liese  Buida  &e|NU*iitcly  as  an  easy 
mode  oFobtiiining  any  re<|uirod  (legrecof  Mikaliiiity,  jin«l  I  have 
never  got  any  results  wliieh  in  the  leiwt  »u])|)i^rt  the  view  tliat 
the  addition  of  h'qiior  jxttosfloe  to  any  sterilise  infuBiou  will 
make  oi*ganisnis  develop  in  tliiit  flui«l, 

I  have  already  raentiun«*<l  iMr.  leister's  meth*jd  of  procedure 
in  pretterving  fluids,  I  have  mentioned  how  HUi;ces8ful  this 
wuH,  and  how  all  the  diffieultieB  as  to  tall  and 
amall  flusks,  Ac.,  were  overcome  simply  by 
purifying  the  walls  and  the  air  in  the 
flanks  \h If  iaktu if  care,  la  fhr  iidrudnetion 
of  the  impure  flaidsj  to  avoid  contact  with 
the  neck  and  walls  of  the  flask  so  jmrified 
(»l>tve  tlie  level  of  the  li<|uid);  and  by 
avoiilimj  spurting  or  frothing  during  the 
heating  of  the Jla id.  By  Mr.  ListerV  method 
all  sorts  of  tiuitls  may  be  preserviMl  and 
transferred  from  one  vessel  to  another,  with- 
out the  development  of  any  organism,  with 
the  same  certainty  an  without  the  occiUTence 
of  any  fermentative  eliange  (see  Chapter  I.) 
Mr.  Lister'n  metlKid  ha**  removed  a  great 
MKNT  WITH  AL*  ji,,iiree  of  error  in  all  these  extK-riments,  and 
1  am  confident  that  it  his  instructions  Ik; 
strictly  followed  out,  the  instiinces  of  difficulty  in  imrlfying 
fluids  will  hecume  fewer  and  fewer.  During  four  years  more 
or  lesH  con:^tant  work  at  such  exi>ennients,  I  have  only  once 
met  with  an  instance  of  difficulty  in  ])urifviDg  fluids.  This  ease 
will  he  alltult'd  to  prefl<'ntly. 

The  experiments  of  Dr.  Roberts  and  of  Trof,  Tyndall  ^  us  to 
the  absence  of  fermentative  changes  in  preserved  fluids  show 
also  the  absence  of  organisms  under  the  circumstances  re- 
ferred Uk  Kor  their  csperimentH  were  made  with  a  view  to  the 
determination  of  the  question  of  sjrontaueous  generation.  And 
in  my  own  cxi»erience,  in  order  to  test  Viirious  materitds,  as 

•  Kor  later  fxiwrimenljj  timn  ihosH;  c|nolc«J  at  p.  2i,  et  trrj.^  see  Tyndiiirs 
paper  in  tlie  l*hUo»uph%eal  TranMctitm*,  vol.  ItiT.  1877,  where  aoma  difUcultit'tf 
wliicb  be  uxpcrieuood  ure  explained. 
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to  whether  they  contained  organisms  or  not,  I  have  prepared 
many  hundred  Hasks  of  pacximl>er  and  turnip  infuRion,  jmd 
also  many  of  milk,  meat,  &c.,  without  in  any  instance  obtain- 
ing the  slighteBt  evidence  in  favour  of  abiogenesie.  (The  case 
in  which  I  found  difficulty  in  preserving  milk  haP  been 
already  mentioned,  and  will  be  alluded  to  prenently.)  The 
rapid  souring  of  milk  during  a  chundertftorm  is  looked  on  as 
a  change  due  to  electricity.  Acconipunying  this  nijiid  souring 
there  is  a  rajiid  increase  of  bacteria.  I  have  ki'pt  flanks  of  pure 
milk  for  a  year,  throngh  several  violent  thunderstorms,  without 
any  change  taking  ]»lace  in  it,  and  without  the  ;t]>]ieanmce  of 
any  organisms  ;  and  at  the  end  of  the  year  Ihe  milk  was  quite 
fluid  and  of  normal  character,  though  in  a  few  days  after  the 
fl;isks  were  opened  (they  were  covered  with  cotton  wool  cjijis^ 
it  had  coagulated,  heLnmv  putrid,  and  contained  numerous 
Uicteria, 
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SPORTAKBOnS  OEHSSUTION  {gvmlndifdy. 

Aeto  with  nf^xd  to  onboOed  fl^df-and  tisao^s :  Hr.  LfAtei^s  Tficts  with  m- 
gard  to  milk :  my  own  oxperlnenti  witii  animal  tissues*  rr«seiit  liate  of 
the  qnwUoQ— Dx.  Bufelan's  lateit  liuidpotnt ;  Llebi|i:'H  doctrine.  C-in  or- 
ganSo  InolociileB  derived  oUMorwiae  than  in>ta  preHeoiat jng  liactrria  td  v^e  ri  !*e 
to  baoteriaf  Fhstlj,  tiiere  is- nothing  unrcoBcinablc  in  looking  on  ihc^e 
paitifllea  aa  baoteria  or  their  germs:  8««t]A  carried  by  &ir:  CKccs^ivt? 
mlniiteMeB<tf  the  germs  of  bacteria:  Mr,  Li5itcr'!*eixpt9rien(»  with  micrococci. 
Secondly,  there  is  no  direct  evidence  that  or^'&Qic  molocule?  nut  dcnvod 
from  baoteria  can  give  rise  to  bacteria:  t'art^  with  ro^ELrd  to  anboik'd  tluidA 
and  timoes— otmolnsions  from  these  f^cts  ;  ?aiU  Hen'*  eTperimcnu  : 
Oaaenenire  and  Livon:  Fsstenr:  Dr.  BaMian  Thinlly,  there  is  no  evi- 
dence that  active  organic  molecules  (chemical  fcrinents,  ^v.)  can  resist 
heat  more  than  livii^  things  can:  effects  of  heat  on  ptyn1in«  ficptin, 
fto. :  my  own  case  of  dUB<Milty  in  steriiisiqg  milk ;  Wymao's  fsofc  a« 
to  an  alga  living  at  90«^  F. 

With  the  great  mass  of  evidcDce  existing  against  the  doctrine 
of  spontaneous  generation,  I  should  have  no  hesitation  in  casting* 
it  aside.  But  much  stronger  evidence  remains  to  be  alluded  to ; 
viz.,  the  behaviour  of  unboiled  fluids  and  tissues  when  preserved 
with  certain  precautions. 

I  have  already  referred  to  these  experiments  in  a  former 
part  of  this  work,  and  I  may  now  state  that  where  I  have  said 
that  fermentation  was  absent,  I  might  equally  well  have  said 
that  organisms  were  absent.  I  have  mentioned  that  blood, 
milk,  and  urine  could  be  preserved,  unboiled  and  unacted  on 
by  chemical  reagents,  for  an  indefinite  period,  without  under- 
going fermentation,  and,  I  may  now  add,  without  the  develop- 
ment of  organisms- 

Of  these  I  may  revert  for  one  moment  to  Mr.  Lister's 
experiments  with  milk.  Mr.  Lister,  in  his  attempts  to  obtain 
pure  unboiled  milk,  found  that  in  none  of  his  flasks  did  he 
obtain   lactic   fermentation,  but  that  in   all  but  two  (out  of 
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some  50  or  60  flaskr>)  oru;auism3of  aome  form  or  other  occurred, 
these  orgauisms  being  in  many  llatikH  of  totally  distinct  kinds. 
Now  these  results  prove  a  great  deal  agaiunt  the  view  of  sjxjo- 
taneous  generation.  Two  flasks  Imd  no  organisms  at  all,  there- 
fore milk  does  not  spontaneously  generate  organisms,  does 
not  naturally  contain  them,  has  no  inherent  tendency  to 
undergo  fermentation.  Then  niilk  which  has  never  been  in 
the  dairy  does  not  undergo  lactio  fernientation  ;  hence  the  <^inse 
of  tliis  fennrntation  is  something  coming  from  the  dairy,  not 
some  form  of  organic  molecule  present  in  the  milk.  Then  not 
only  the  fact  that  in  two  flasks  no  organisms  developed,  but 
also  the  great  variety  which  appeared  in  the  different  flasks 
prove  that  they  cimld  not  have  developed  de  7iovo,  For  if 
we  have  twelve  flasks  under  the  same  shade,  each  containing 
the  same  specimen  of  milk  Uiken  at  the  Siime  time,  under  the 
sameconditions,  any  change  occurring  in  one,  due  to  sometliing 
inherent  in  milk,  or  due  to  some  physical  force  or  combination 
■  if  ])hysical  forces  :K'ting  on  it,  would  have  occurred  equally 
in  all.  But  when  we  see  one  specimen  remaining  without 
orgjmisms,  another  having  a  pigment  microt»oeciis,  another 
having  bacteria,  another  fungi,  and  so  on,  we  must  conclude 
thrit  tho  appearance  of  these  forms  cannot  be  due  to  anything 
inherent  iu  this  milk,  but  that  it  is  due  to  something  which 
has  entered  the  milk  IVuni  without. 

My  own  cx|)criments  on  milk,  referred  to  before,  Ix-ar  out 
Mr.  Lister's  statements  in  every  jjarticular,  and  bring  additional 
evidence,  in  that  they  show  that  a  much  larger  proportion  of 
flasks  may  be  jirescrvcti  if  attempts  be  made  to  render  the 
j)article8  in  the  air,  or  at  lea«t  on  the  udder  of  the  cow  and  the 
hands  of  the  milkmaid,  inert  by  the  use  of  carbolic  acid  or 
other  antiseptic. 

Cazeneuve  and  IJvonV  experiments  on  urine  have  been 
already  referred  to,  and  will  be  further  discussed  under  the 
head  of  fermentati(»n,  when  they  will  be  found  to  funiish 
much  additional  evidence  against  the  view  of  si>oulaneous 
genenition. 

After  refeiring  to  blood,  milk,  and  urine,  I  al&o  mentioned 
the  experiments  (^n  gnipo  juice  by  Van  der  Broeck,  Pastern*,  (Jtc, 
and  on  vegetable  tiabuefi  by  Roberts,  and  I  then  passed  on  to 
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mv  oMm  px|>eriinents  on  aiiimal  tissues.  I  describeil  the 
methfjd  I  had  employed,  how  the  tissues  were  introduced  into 
and  preserved  in  ^i\Ai»  containing  cucumber  diiid,  and  how 
they  remmned  unchanged,  and,  I  may  now  iidd,  without  any 
development  of  organisms.  Tliut  no  organisms  developed  I 
further  ascertained  by  testing  the  beakers.  Hy  transferring,  by 
means  of  a  pure  syringe,  a  drop  of  their  contents  into  a  flaRk 
contiiining  pure  cucuml>er  i>r  moat  infusion,  I  found  that  no 
organisms  developed  in  the  latter,  proving  that  none  were 
present  in  the  former.  That  organisms  would  have  been 
found  by  this  method,  if  they  hatl  t>eeu  jjresent  in  the  duid,  is 
shown  by  the  fact  that,  if  bacteria  were  injected  into  the 
animal  imme<Iintely  before  death,  they  were  found  in  the 
beakers  imd  in  the  flasks.  I  have  also  stained  the  granular 
matter  present  in  these  l>eAker8  with  methyl  violet,  according 
to  Koch's  method,  and  have  failed  to  find  any  organisms  (eee 
Pliite  V.  Hg.  ■;i4). 


From  all  these  facts  it  may  therefore  be  regarded  as  certain 
that  (HgniilHrns  do  not  originate  siMmtaneouhly,  in  the  sense 
formerly  held,  under  any  circumstances,  but  that  they  appear 
in  animal  or  vegetable  fluids  and  tissues  its  the  result  of  the 
entrance  of  solid  p<tr fides  into  thest*  after  their  exit  from  the 
living  organism.  That  the  question  has  narrowed  itself  to 
this,  that  it  is  now  no  longer  a  question  of  Rpontaneous  origin 
of  orgjini.^msin  fluiils  which  have  been  severely  Iwiiled,  but  that 
it  is  a  question  as  t^  whether  aoyne  of  t}ie  particles  which  get  ■ 
into  fluids  and  which  resist  heat  may  not  be  organic  molet'ules 
not  neeesa;irily  derived  from  pre-existing  bacteria,  or  whether 
they  are  hicteria  or  theii"  germs,  is  evident  from  what  has  gone 
before,  and  at  h»st  Dr.  Bastian  has  formulated  similar  views 
in  his  jiaper  iu  the  'Nineteenth  ('entury'for  Ke-brnary  1878. 
He  s;iy8  :— 

'Themo<leni  opponents  and  supporters  of  Hie  doctrine  of 
spimtaneous  generation  have  always  been  prineijially  concerned 
with  two  sets  of  problems,  (1)  As  to  the  nature  of  the  material 
in  the  air,  the  access  of  which  is  so  apt  to  induce  fermentation 
in  sui(a.ble  fluids;  (2)  As  to  whether  some  degree  of  heat 
below  212*  F.  can  be  proved  to  be  always  sufficient  to  destroy 
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the  life  of  different  kinds  of  living  matter  in  the  moist  state, 
but  especially  that  of  bacteria  and  fungus  germs. 

'  In  regard  to  the  first  set  of  problems  it  has  been  generally 
agreed  for  some  time  that  the  air  contains  some  germs  of  living 
organisms,  but  that  what  proportion  these  bear  to  the  much 
more  bulky,  and  probably  more  numerous,  organic  particles  and 
fragments  resulting  from  the  breaking  up  of  previous  living 
matter  of  various  kinds,  is  uncertjiin.  It  has  also  been  gcatr- 
ally  admitted  that  any  living  organisms  or  germs  which  chanced 
to  fall  from  the  air  into  suitable  fluids  would  initiate  fermenta- 
tion or  putrefaction  therein.  The  question  really  requiring  to 
be  aolved  has  always  been  (though  it  has  not  been  uniformly 
recognised)  whether  mere  organic  tUbris  from  the  air,  either  in 
the  form  of  particles  or  of  larger  fragments,  could  or  could  not 
also  bring  about  such  changes  in  suitable  fluids.' 

This  view  corresponds  very  ch>8ely  with  the  ijosition  which 
Liebig  was  ultimately  driven  to  take  up  on  the  subject  of  fer- 
mentatton,  and  Dr.  Bastian  says :  *  It  is  Liebig's  doctrine  which 
legitimately  suggests  the  doubt  above  mentioned  in  regard  to 
the  |M)8sible  potencies  of  atmospheric  particles  other  than  actual 
germs  .  .  ,  .  If  it  has  been  shown  that  the  appeamnce  and 
increase  of  the  lowest  living  particles  are  always  a  correlative  of 
these  processes  (ferujeutatiou  and  putrefaction),  Liebig's  view, 
if  it  be  true  at  all,  must  be  trtie  for  the  whole  of  the  processes  * 
which  are  essentially  included  under  the  tenn  fennentfltion.' 
It  will  thus  be  seen  that  Liebig's  theory  and  Bastian*s  recent 
Aiews  stand  or  fall  together,  and  that  the  facts  against  one  tell 
equally  against  the  other.  Just  now  I  shall  only  deal  with 
Hastiau's  views,  but  their  intimate  relation  with  Liebig's  theory 
must  be  borue  in  mind,  so  that  the  full  significance  of  the  factti 
opposing  the  latter  may  be  recognised  in  their  bearings  also  on 
the  former. 

Dr.  Bastian  later  on  says  :  '  I  go  no  fiirther  than  to  say  that 
in  the  present  state  of  the  evidence  bearing  upon  the  subject  I 
regard  the  hypothesis  of  spontaneous  generation  as  the  most 
logical  and  consistent  inter|>retation  of  the  facts  which  are  at 
present  known.'  We  must  therefore  consider  what  the  evidence 
on  this  subject  is,  and  whether  there  are  any  grounds  for  aceept- 

>  Tba  italics  aP9  rnlue. 
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ing  the  theory  that  the  organic  molecules  which  give  ri«e  to 
bacteria  originate  from  matter  other  than  pre-existing  hacterwi, 
rather  than  the  view  that  they  are  dini-tly  derivetl  fn»m  pre- 
exist ing  bacteria,  in  other  wohIh,  that  the8e  particles  are 
nothing  more  or  less  than  bacteria  or  their  germs. 

I.  Firstly,  tht^re  if*  notfihuf  unrewaonahU  in  lonhinrf  (m 
these  pariideH  na  bacieria  or  their  »pirre»  ;  in<iee<],  Dr.  Kast  iau 
admits  that  some  of  them  are  derived  from  bacteria.  Biit  if 
eofiie^  why  not  (dl  ?  Because  notne  resist  heat  more  than  others  ? 
We  shall  return  to  this  presently. 

We  know  that  the  seeds  nf  plants  are  often  wafted  by  the 
air,  and  this  is  more  likely  to  be  the  e-ase  the  lighter  the  Pt*ed, 
and  therefore  it  is  generally  admitted  that  the  s»et*d8  of  fungi, 
large  or  small,  are  c^arried  by  the  air.  Indeed,  lioth  Poucliet- 
and  Pasteur  found  and  recfignised  the  Biwres  of  fungi  in  air 
dust.' 

Further,  bacteria  proptigate  by  fission  in  flnids,  that  is  to 
pay,  one  iKicteriuni  develi^ps  from  another.  This  process  has 
been  often  obs**rved.  Then,  again,  some  forms  of  bacteria  have 
been  fouml  to  prcMluee  sijores,  notjibly  forms  of  bacilli.  Thus 
the  spiires  of  Iktc'tUits  anthntcif*  have  been  fully  descril>ed  hy 
Koch,  and  still  more  recently  the  occurrence  of  small  tfi»orule8 
of  excessive  minuteness  has  been  described  by  Ewart.'  Ewart 
ha.s  also  asserted  that  otluT  forms  of  bacteria,  esjiecially  of 
8jjirillum,  produce  spores  iu  like  manner.  If  then  in  fluids 
l>acteria  always  grow  from  Iwicteria,  if  some  liaeteria  like  fungi 
pnxluce  sjtores,  why  refuse  to  believe  that  the  particles  in  the  air 
which  give  rise  to  bacteria  are  these  organisms  themselves  or 
their  spores,  just  as  the  jmrticles  which  produce  the  larger  fungi 
liavf  ln'en  sliown  to  W*  their  s|M)res  ?  The  excessive  minute- 
ness of  the  bacillus  sjwres  renders  them  difficult  of  discernment 
in  fluids  under  the  microscope.     When  dried   and  shrunk  we 


'  in  December  I860,  having  collected  a.  quantity  of  laboratory  diwt  by 
Bftpinition  of  the  air  throngli  giin  cotton  for  several  weeks,  I  diaswlvecl  the 
^ri  cotton  in  etber  aixt  alcoliol,  and  collected  the  dui^t  on  n  glRM  fdidi.' ;  this 
dust  wofl  stained  with  methyl  violet  according:  to  Koch's  method  (see  Chapter 
Xir.),  and  a  drawing  of  ii  is  fjiven  in  Fi^.  35,  Plate  V.  It  will  be  seen  that 
one  or  two  bodicis  are  present  which  arc  indistinKui^hable  from  baotoria  and 
miurowwci.  and  these  bodies  liave  been  st^iinod  by  the  raelhyl  violet. 

*  Ses  PntcreHituj*  ofth^  lio^al  Sotfifty,  1878, 
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lould  expect  them  to  be  hardly  visible ;  and  if  the  spores  of 
such  large  orguiiisms  as  BaciUttH  anUinicis  arc  hardly  vittible, 
how  uiut.h  less  likely  are  we  to  find  the  sjxtres  of  organisms  which 
themselves  ciin  be  seen  only  with  difficulty  ?  It  aeems  to  me 
that  it  would  be  a  very  extraordinary  thing  if  in  the  case  of 
these  vxintUe  organisms  alone,  the  pjirticlcs  which  gave  rise 
to  them  were  not  derived  from  pre-existing  forms. 

But  when  we  find  that  under  certain  circumstancea  the 
same  form  of  organism  originates  from  these  particles,  as  we 
should  exj»ect  were  the  latter  sfw^rea,  the  case  is  matle  still 
Btronger.  This  latter  fact  will  be  more  e>ident  when  we  come 
to  consider  the  relations  of  these  bodies  to  fermentations,  but 
I  shall  here  mention  one  exjjerience  related  by  Mr,  Lister.'  In 
some  experiments  on  the  growth  of  a  fungus  in  urine,  a  form  of 
micrococcus,  which  he  terms  (?ra-n«^i*(/e/'a, constantly  aj)[)eared  in 
the  urine.  He  found  that  these  were  really  orgiuiisrus,  from 
an  opjwrtunity  which  he  had  of  watching  their  growth.  He 
then  says:— *  About  this  time,  my  study  suffered  from  an  ejii- 
demic  of  Gnmuligora.  I  could  not  now  ]MTforin  the  sjune 
experiments  with  the  same  success  as  in  the  first  instance  :  any 
that  1  tried  was  sure  to  be  followt^i  by  the  development  of  this 
pervading  organism.  1  eluded  it,  however,  by  continuing  the 
investigation  in  a  room  at  the  top  of  the  house,  which  had  been 
for  a  considerable  time  unoccupied.  Here  the  result-s  of  the 
ex]»eriments  correajjonded  with  those  originally  obtained  in  the 
study.'  In  this  experiment  there  cannot  be  the  slightest  doubt 
that  the  particles  which  gained  access  t^i  the  cultivating  fluids 
were  these  micrococci  or  their  sjxjres,  if  they  have  any.  It  could 
hardly  have  beeu  some  form  of  orgjinic  molecule  not  derived  from 
these  organisms  which  always  gave  rise  to  exactly  the  same  forms. 

Such  are  some  of  the  facts  which  show  that  it  is  not  un- 
reasonable to  look  on  these  particles  as  bacteria  or  their  germs ; 
and  Dr.  Bastian«  as  I  have  akeady  said,  admits  that  some  of  the 
piu-ticiles  are  derive<l  from  pre-existing  bacteria. 

II.  Secondly,  not  only  is  it  not  unreasonable  to  regard  these 
particles  as  bacteria  or  their  germs,  but  there  is  no  dirtct  e?'t- 
dence  ivJtatever  that  ortjanh inoltcides  not  derived frojn  hucter'ia 
can  give  ri^e  to  bacteria, 

'  8c«  Trantactiim*  of  thr  Ro^at  Society  of  EMnburgh,  !876. 
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Ijook  at  all  the  facets  I  Imve  brought  forward  as  to  unboiled 
fluids  and  tissaes.  I  have  shown  that  the  most  diverse  organic 
fluids  and  tissues  mny  l>e  pre»er\'ed  for  an  indefinite  j>eriod, 
withoat  the  development  of  organisms  so  long  as  the  particles  in 
the  air  and  on  surrounding  objects  are  excluded.  And  yet 
these  substances  are  full  of  organic  molecules  derived  from 
previoutfly  living  structures. 

Cut  a  piece  of  liver,  kidney,  muscle,  or  other  tissue  from  a 
healthy  auimal  not  yet  dead,  aud  place  it,  with  precautious  to 
exclude  atmospheric  dust,  in  a  flask  containing  cucumlx^r  solu- 
tion. Here  you  have  at  first  in  the  fluid  aud  in  the  tissue  liviiuf 
cells  and  ^ivui*/ organic  molecules — and  we  know,  as  in  the  case 
of  muscles,  that  life  may  be  retained  for  some  time— and  yet  no 
organisms  api>ear.  These  living  organic  molecules  of  all  kinds  do 
not  give  rise  to  bacteria  or  any  other  form  of  life — they  die. 

Again,  when  the  sfime  specimen  has  stood  for  some  time» 
we  have  a  highly  putrescible  and  fermentescible  material  c<m- 
taining  dead  organic  molecules  of  all  kinds ;  and  yet  no  life 
apjiears,  and  such  flasks  may  be  kept  for  un  indefinite  time 
without  the  development  in  them  of  life. 

But  agtiin,  these  organic  molecules  are  not  ouly  dead,  but 
decaying.  They  undergo  slow  oxidation — what  Liebig  has 
termed  eremacau»i^.  And  yet  they  do  not  develop  into  or 
induce  the  appearance  of  living  fonns. 

Organisms  only  develop  in  these  fluids  and  tissues  when 
bacteria  or  their  genna  or  when  atmospheric  dust  is  introduced. 
Whence,  then,  are  the  hypothetical  organic  molecules  derived  ? 
If  they  do  not  develop  life  in  such  fluids  as  cucumber  or  meiit 
infusion,  or  in  meat  itself,  under  the  conditions  described,  how 
is  it  that  they  come  to  do  so  after  having  lIcKited  through  the  air  ? 
Is  it  that  they  have  acquired  new  pro|>ertiett  in  the  air,  or  is  it 
that  the  organic  molecules  (not  derived  from  pre-existing  bac- 
teria) which,  falling  from  the  air  into  the  fluids  or  on  the  tissues, 
give  rise  to  liviui;  forms,  are  specially  manufactured  in  the  air? 
One  or  other  of  these  conclusions  must  be  accepted,  and  I  say 
they  are  both  equally  untenable. 

And  when  I  come  to  speak  of  the  relations  of  organisms  to 
fermeututions,  more  especially  to  fermentations  occurring  in 
wounds,  I  shall  bring  forward  evidence  of  a  similar  cliaracfer. 
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Thus  I  take  flaska  contiiiniug  pure,  highly  putrescible  fluids, 
such  as  meat  or  cucumber  infusion,  or  milk,  and  I  introduce 
into  them  pus,  blood,  or  serum  from  wounds,  and  place  them 
under  the  most  favourable  circumstances  for  the  development 
of  organisms,  and  yet  no  organisms  develop.  The  same 
reasoning  applies  here  as  in  the  cast*  where  larger  living  mapses, 
as  liver,  have  been  introduced  into  similar  infusions.  On  the 
other  hatiil,  if  bacteria  or  micrococci  are  present  in  the  dis- 
charge (and  I  confirm  this  by  micro8coi>iciil  obser\'ation),  organ- 
inma  develop  in  these  flasks,  and  organisms  of  precisely  the 
same  morphological  characters  as  were  present  in  the  original 
discharge . 

But  let  us  glance  for  one  moment  at  Paul  Bert's  work» 

He  subjects  such  substances  as  s^diva,  jiepsine,  myrosin, 
emul'^in,  &c.,  to  high  pressures,  say  twenty  atmos]>heres,  and 
he  finds  that  when  the  normal  pressure  is  restored,  these 
substances  have  not  in  any  way  aufiered,  as  regards  their  ferment- 
ing i>ower. 

( )n  tlie  ot  her  hand,  he  places  putrefying  or  fresh  meat  under  a 
similar  pressure,  and  after  restoring  the  normal  pressure,  he  finds 
that  if  he  excludes  fresh  atmospheric  f^articles,  putrefaction  is 
in  the  first  case  arrested,  and  in  the  second,  never  tiikes  place. 
Organisms  never  again  develop  unless  fresh  dust  is  adiuitted. 

From  the  first  set  of  experiments  we  see  that  organic  mole- 
cules when  they  have  any  power  of  acting  are  not  deprived  of 
it  by  high  pressure,  while  from  the  second  we  learn  that  under 
similar  circumstances  life  is  destroyed,  and  no  new  life  appears. 
Anil  yet  this  cannot  be  because  the  power  of  generating  organ- 
Isms,  which  organic  molecules  are  supposed  by  Dr-  Bastian  to 
jvossess,  has  been  destroyed  by  the  high  pressure ;  for,  as  we 
see  in  the  first  experiment,  deml  organic  molecules,  as  distin- 
guished from  living  ones,  retain  their  powers  even  under  this 
pressure.  Tho  organic  molcculos,  then,  which  originated  the 
icteria  were  living  molecules,  but  not  vierely  any  living 
violectilesj  as  is  evident  from  the  liver  experiments,  htit  living 
molecules  derived  from  pre-ewUtiufj  bucteria. 

Then,  again,  Cazenenvo  and  Livon's  cjq>eriments,  which  will 
be  detailed  presently,  prove  exactly  the  same  jwints.  They 
show  that  it  is  not  organic  molecules  in  urine  or  in  the  wall  of 
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the  urinnry  bladder  which  originate  bacteria^  but  that  it  is 
organic  molecules  derived  from  the  dust  of  theair;  in  other  words, 
derived  from  pre-existing  bacteria.' 

All  the  pnx>f  which  Dr.  Bastian  attempts  to  adduce  on  this 
point  ia  to  bring  forward  the  opinions  of  several  eminent  meta- 
physicians as  to  the  6rst  origin  of  life  on  this  gl  »be..  But  with  all 
respect  for  these  great  minds,  I  do  not  see  one  particle  of  proofs 
but  merely  metaphysical  speculation,  in  the  extracts  quoted. 
Dr.  Bastian  removes  the  question  to  the  first  origin  of  life,  and. 
at  once  throws  aside  the  creation  view  as  untenable,  I  do  not 
intend  here  to  enter  on  this  question,  but  I  for  one  am  not 
prej^red  to  go  so  far, 

in.  Thirdly  and  lastly,  we  have  iw  evidence  tJutt  active 
organic  Tnolecules  can  resrist  heat  taore  than  Uvlnfj  things  can. 

Ix»t  us  take  the  so-callwi  *  (informed '  ferments,  which  consist 
of  active  organic  molecidcs.  The  action  of  saliva  on  starch  is 
favoured  by  a  temperature  of  from  35"  to  40**  C,  but  its  amy- 
lolytic  activity  is  jK'rmanently  destroyed  by  heat,  even  below 
the  Ihjiliug  point,  applied  for  a  few  minutes. 

The  same  is  true  of  gastric  juice ;  *at  temperatures  much 
above  40°  or  50°  C.  the  action  of  the  juice  ia  imiuiired.  By 
boiling  for  a  few  minutes  the  activity  of  the  most  jiowerful 
juice  is  irrevocably  destroyed.'  (Foster.)  And  so  with  pan- 
creatic juice,  &c.* 

I  have  previously  discussed  at  length  the  errors  in  experi- 
ment and  observation  which  have  led  to  the  l>elief  that  or- 
ganisms c-iin  devclrip  in  materials  Huhjectvd  to  a  moist  heat  for 
a  suflScieut  length  of  time,  Atul  1  li.ive  quoted  Dr.  Roberta'a 
refutation  of  the  exi)erinients  with  alkaline  fluids. 

I  stated  on  page  193  thai  1  luul  only  nift  with  one  in- 
stance, in  an  exceptionally  long  experience,  of  difficulty  in 
sterilising  an  organic  fluid.  This  fluid  was  milk  got  from  a 
particular  shop  near  the  Strand.     When  I  got  fresh  milk  froiw 

'  A^in,  Paslenr  by  hisexiwrimonts  of  opening  vessels  in  different  situationii 
has  distinctly  shown  tliat  all  particles  of  dust  do  rot  caiwe  development  of 
or>;riiii»ni>  ;  for  undoubtwlly  organic  drhrit  did  pet  into  ull  hii*  Masks.  ewiKxially 
tlioi^e  opened  uuliddc',  and  yet  it  was  unly  when  certain  special  piirticlcs 
cnlcred  that  org^uni^mts  (levclo|)ed. 

*  Compare  al8.>  llasliiin's  views  on  the  IH$rHfitirc  AgMtcy  »/  //ncif,  referred 
to  at  pitge  190. 
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dairy  in  Albany  Street,  I  had  no  difficulty  in  rendering  it 
barren  by  immersion  in  boi  ling  water  for  n  few  minutes. 
But  the  milk  from  tlie  shop  near  the  Stnmd  has  been  immersed 
in  boiling  water  even  for  three  hours,  and  yet  organisms  deve- 
loped in  it.  It  is  to  be  noted  that  in  .'dl  cases  the  bacteria  were 
identical  in  form  and  in  the  effect  which  they  produced  on  the 
milk:  they  were  n  form  of  long  bacillus.  Now  here  we  had 
some  particle  which  got  int,o  the  milk  and  caused  a  special 
change  in  it,  and  a  constant  development  of  a  purticuUij-  and 
easily  recognisable  form  of  organism — an  organism  wliieh,  more- 
over, has  been  found  by  other  observers  to  resist  heat,  and 
especially  dry  heat,  in  an  extraordiniiry  mimner.  Is  it  reason- 
able to  sup|>ose  that  the  particles  which  gave  rise  to  these 
organisms  were  organic  molecules  derived,  goodness  knows  from 
what,  or  specially  manufactured  in  the  air  of  this  shop?  Or  is 
it  not  more  reasonable  to  suppose  that  the  air  was  infected 
with  some  form  of  bacterium  or  its  spores,  just  as  in  Mr. 
ListerV  case  with  Granuligera,  and  that  this  spt^oial  form  or 
its  sjMire?  [xjssessed  the  same  re^^istiug  power;:*  which  it  has 
been  found  to  have  in  other  {»arts  of  the  world.  For  I  may  add 
that  the  s[>ore8  of  bacilli  are  stateil  by  all  who  have  investigated 
the  subject  to  be  possessed  of  extraordinary  resisting  power. 

After  all  it  is  not  a  matter  of  great  surjiriae  that  an 
orgJinism  should  resist  a  heat  of  210°  F.  (that  has  been  ascer- 
tained by  Mr.  Lister  to  be  the  tomjuTature  of  milk  immersed 
in  this  way),  for  Prof.  JeflFries  Wynaan  tells  us  of  a  form  of  alga 
which  lives  normally  in  water  the  temperature  of  which  is 
208°  F.' 

With  this  great  mass  of  evidence,  and  I  could  have  multi- 
plied it  manifold,  I  do  not  see  that  there  can  be  grounds  for 

'  Doyi^re.H  found  that  dried  Tardig^des  were  not  doatroyed  till  the  tem- 
perature reached  U0°. 

PayenBhowcd  that  thoBporofi  of  o'ldium  nnmntincum  did  not  Iopo  their  ger- 
minating^  power  till  thf  tenipemtiirc  rpaehed  140**  C. 

Milrie-Kdward«  has  fonnd  tlutt  dried  organisms  coald  resist  a  very  high 
tt.inj)(>nitnre. 

In^tance^  of  prcat  resiatiiig'  power  of  seeds  to  heal  have  been  brought 
forward  hy  IVndall  and  others.  Mr.  James  Sanderson,  of  Galoitliiirlit,  tells  me 
that  in  some  specimenii  of  wool  obtained  from  South  America,  needs  oi 
medtcago  are  prt^sent,  whicli  develop  even  after  the  wool  containing  them  has 
been  dyed— i^.  after  they  have  been  «ul>jeote<l  to  i  r<. longed  boiling  and  to  the 
action  of  v:irinti5  clit  mirnl  8iib::t»nccti. 
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anj  longer  retaining  the  view  of  sjxiDtaneoue  generation.  It 
would  just  be  as  sensible  to  suppose  tliat  in  (he  impregnation 
of  the  ovum  of  higher  animals  it  is  n»»t  the  spermatozoa,  hut 
some  organic  molecnle  accidentally  introduced  at  the  same 
time  which  causes  the  development  of  the  ovum,  as  to  suppose 
that  it  is  not  hictcria  or  their  H|Min'w  hut  s^onie  organic  raoltcule 
maiiufactnred  in  or  sperially  aliened  hy  ptijising  through  the  air 
•which  produces  bacteria  in  organic  iltiid^  and  tii^suee. 
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Summary  of  what  has  prcci'dod  with  roforcnce  to  forraentalion.  Rvlalion  lic- 
tween  •  vital 'hikI  •chemical*  fermentationii:  theories  of  fermcnLation. 
Liebi^'s  views.  AJfiohoIic  fermentation  :  I^att^ur'M erprrimtfut*  and  rfmrlti- 
MUtnM.  ]if«nmr.  Bntyrio  fnrtnfntAtion.  Foniiation  of  pi^-ment  b_v  hacteria 
SehTitrtiT:  Otkn.  VisOiHW  fermentation.  Laulic  fermentation  :  Pajitfur: 
Lisfer.  Other  fermentationt*,  eapeciallr  the  putrefactive:  Lemaim  Out- 
nmM  and  TAiwh  :  Pavl  Btfrt.     Conclnsionfl. 

Wk  imifit  nowjtfuts  on  to  the  relation  of  these  bodies  to  femien- 
tatious,  and  I  will  here  merely  indicate  the  chief  points  without 
entering  into  a  discussion  on  the  subject  And  firyt,  I  imiy  Kiy 
that  it  is  now  admitted  by  Dr.  Baatinn,  &  well  as  by  other 
observers,  that  organisms  are  present  in  all  fermenting  fluids. 
This  statement  was  formerly  denied,  on  account  of  the  imperfec- 
tion of  the  methods  of  examination. 

We  have  already  seen  in  the  first  part  of  this  work  that  the 
cause  of  fermentation  in  organic  substances  was  the  enl  ranee 
into  them  of  solid  jMirticles  held  in  suspension  in  air.  We  have 
also  seen  that  the  cause  of  the  development  of  organisms  in 
fluids  and  tissues  was  the  entrance  into  them  of  iMirticles  bus- 
l^iendecl  in  the  air.  We  also  know  that  in  all  fermentations 
orgimisms  are  present,  and  that  in  the  absence  of  organisms  no 
fermentation  occtira.  What  iut»re  likely,  then,  than  that  the 
juirticles  which  cause  fermentation,  jujd  the  pitrticies  which 
originate  organisms,  are  one  and  the  same  ?  that  in  fact  the 
fermentation  of  a  fluid  is  the  result  of  the  growth  of  organisms 
in  it  V 

The  process  in  these  '  vital  ^  fermentations  may  be  brouglit 
into  the  same  category  as  tliat  in  fermentation  by  the  'un- 
forme<l '  ferments,  if  we  sup|)ose  that  the  immediate  canse  of 
the  chemical  change  in  the  former  instance  is  some  chemical 
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BuljHtance  resembling  ptyalin,  pepsin,  &jc.  No  doubt  (here  is 
this  difference  between  ordinary  fermentations  and  thoae  due 
to  :i  eheiniail  sulwtiUK-e,  that  in  tlie  former  ease  the  ferment 
itself  increases  in  quantity.  This  difference  would,  however,  be 
easily  reconeilefl  if  we  were  to  suppose  that  ejieh  organism  was  a 
former  of  the  ferment,  even  though  to  an  extremely  limited 
degree.  The  pn>orss  in  these '  vital  *  ferment^itions,  of  which  we 
nwy  t-ake  the  alcoholic  as  an  example,  would  then  be  the  same  as 
in  the  so-called  chemical  fermentations.  Thus,  to  speak  of  the 
Ciise  of  the  saliva,  ptyalin  is  not  a  chemical  comiK»und  fonned 
sjiontaneously,  nor  is  it  the  result  of  any  sort  of  double  decom- 
pfjsition  ;  it  is  a  substance  formed  as  the  result  of  the  vital 
action  of  certain  living  cells.  According  to  the  view  under 
consideration,  the  alcoholic  ferment  would  be  likewise  the  pra- 
diu't  of  the  vKjiI  action  of  certain  ocllrfj  the  yciust  cells.  The 
ptyalin  it-self  has  uot  the  jwwer  of  self-multiplication,  but  the 
cells  which  form  it  produce  it  coutiuuously ;  the  ferment  d[ 
alcohol  would  not  have  the  power  of  self-nudtiplication,  but  the 
cells  which  form  it  pnxluce  it  continuously,  'i'his  exjtlanntion 
agrees  complet^dy  with  the  contrast  between  the  effects  of 
ptyalin  on  starch,  and  those  of  yeitst  on  sugar.  The  pty^ilin  is 
more  or  less  itnmediate  in  its  effect.  It  is  a  very  active  funned 
ferment.  The  yeast  ;w*ts  slowly  because  the  ferment  is  only 
produced  as  the  plant  grows.  Hence  the  explanation  of  the 
rapid  action  of  the  oni*  ar<l  of  the  progressive  action  of  the  other. 
The  apparent  self-multiplication  of  the  ferment  in  the  alcolmlic 
case  would  he  due  to  the  fact  that  the  producers  of  it  are  free-^ 
float  freely  in  the  fluid  -  and  hence  ultimately  no  dro[)  of  it  can 
be  taken  which  will  contain  sufficient  ferment  to  act  without 
the  ferriient-producers  being  alst)  present.  lu  the  case  of  the 
saliva^tho  fcrmeiit-ivrodMcer  is  fixed,  and  the  ferment  isoblained 
alone  and  apart  fruju  its  originator,  hence  it  d<M:'s  uot  multiply. 
The  same  causes  which  an*est  the  prtnluctiou  of  ptyalin  arreat 
also  the  alcoholic  fermentation,  for  they  destroy  the  living 
cells  which  form  the  ferment. 

The  case  of  emulsin  would  be  exactly  tlie  same  as  that  of 
yeast.  The  emulsin  itself  does  not  multiply*  but  the  seed,  the 
priMiucer  of  it,  does.  8ow  a  seed  of  the  biiler  almond, and  there 
s|)rings  up  a  phnt  bearing  numerous  seeds,  numerous  producers 
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nf  omulsin.  Sow  a  yenst  cell,  and  tliorc  follows  tho  ffrowtli  of 
.  numerous  yeast  celln,  each  |)rciiJucinj(a  qiianfity  (►f  the  ferment. 
^p  Considerable  8UjHK)rt  is  given  to  this  view  by  the  cx|)eri- 
^^ments   of   Mnsculus,   on    the    mechanism  of  the  aramoniacal 

fermentation  of  tirine.     This  ha«  been  shown  to  be  due  to  the 

growth  of  an  organism  in  the  urine  (Micrococcus  urete,  Cohn). 

Mnsonhis'  demonstmted  that,by  adding  absolute  alcohol  to  ani- 
11  moniacal  urine,  a  {»recipit-ife  wjis  obtaiued  which  could  be  filtered 
^■und  dried.  This  precipitate  transformed  urea  into  carbonate 
^^ of  ammonia.     Its  iK)wer  was  destroyed  by  exjiosure  to  a  tem- 

]R^rature  of  80°  C.     This   soluble  ferment  is  a  secretion  of  the 

micrococcus  nrcjE. 

*.\ccording  to  anotlier  view  it  may  \w  that  the  organisms, 
while  living  in  various  substances,  feed  on  them,  and  the  pro- 
ducts of  the  fermentation  may  be  either  the  portion  of  the  food 
which  has  been  rejected  by  them,  or  products  formed  in  and 
^^  excreted  by  the  <«rganism. 

^P        Or  it  may  be  that,  as  Pasteur  holds,  the  cause  of  the  fer- 

^^  mentation  is  not  the  production  of  a  ferment  but  the  breaking 

^  up  of  the  chemical  cnnipouiids  by  the  growing  plants  in  the 

^■search  for  i»utriment,  more  especially  for  oxygen.     It  is  quite 

clear  that  there  must  be  sucli  a  breaking  up.     Or, again,  it  may 

be  that  in  this  breaking  up  of  the  organic  compounds  snme  of 

the  molecules  may  rearrange  themselves  and  form  a  figment, 

■  and  the  ]iresence  of  a  ferment  of  this  kind  I  consider  the  best 
explanation  of  some  of  the  special  fermentations,  though  I 
incline  to  hold  that  the  ferment  is  excreted  by  the  cell  itself. 

I        It  is,  however,  prolmble  that  in  ilifferent  fennentationa  the 
process  occurs  in  ditferent  ways.     Thus  in  the  i>igment  fermen- 
tatjons,  as  will  be  seen,  the  second   is  probably  the  correct 
explanation.      The  jioint  of  imjiortance  is   that    in   anv  case 
^^  there   is   nothing    unreasonable    in    ass<Kiating  rhese  changes 
^■with  the  growth  of  living  cells;  in  fact  all  analogy  points  to 
^B  such  a  relation. 

^B  The  oidy  other  theory  which  is  tenable  in  the  presence  of 
^P  the  facta  stated,  would  be  that  the  particles  which  cause  fermen- 
^^  tations  are  ni>t  the  same  as  th<ise  which  give  rise  to  the  growth 
but    that  they  are   Inidies  which   havi 
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p(jwer  of  causing  fenuenUition,  and  iire  possibly  either  siib- 
sUinoes  in  a  state  of  decompojiition  or  special  ferraents.  But 
then  it  is  inconceivable  that  fermentation  and  the  development 
of  organisms  should  always  be  associated,  or  that  organisms  of 
the  wiaie  form,  e,g,  the  yeast  cell,  should  always  be  present 
in  the  same  fermentation.  Supposing  this  view  jx^ssible,  we 
must  assume  that  there  is  a  special  organic  molecule  for  each 
fennentation,  for  otherwise  we  could  not  explain  the  occurrence 
of  lactic  fennentation  in  one  Hank,  putrid  fermentation  in 
another,  pigment  fermentation  in  another,  tfcc.,  all  the  flasks 
containing  the  same  specimen  of  milk  having  been  filled  at 
the  same  time  and  kept  under  the  same  conditions. 

Liebig  originally  ]tro|>«nin(lefl  the  view  that  fermentation 
was  a  change  in  organic  Huids  and  tissues,  set  in  motion  by  the 
access  of  oxygen  or  of  bodies  in  a  state  of  decom|K)sition.  He 
at  that  time  reganied  organisms  as  quite  accidental.  He  sui>- 
IK)sed  that  when  organic  matter  was  exjKised  to  the  air,  it 
underwent  a  hIow  process  of  oxidation  which  he  termed  «WMi- 
mtisis ;  and  that  this  change,  communicating  itself  to  other 
molecules,  caused  them  to  break  up  or  putrufy.  In  the  presence 
of  the  facts  stated  as  to  the  relation  of  dust  to  the  fermentation 
of  boiled  and  unboiled  fluids,  Liebig  tnctflitied  his  views,  and 
in  his  last  publiciit ion  he  admitted  that  the  yeast  plant  va8 
in  some  way  or  other  connected  with  the  alcoholic  fermentation, 
but  he  thought  that  the  relation  between  them  most  frequently 
cousisle^l  Ixx  this  : — that  when  the  yeast  etdls  died,  they  decom- 
posed, and  that  the  chemical  change  thus  set  agoing  was  pro|)a- 
gated  to  the  sugar,  and  caused  it  to  break  up  into  alcohol  and 
carbonic  acid. 

That  Liebig's  theory  of  decaying  matter  is  incorrect  will  be 
seen  by  a  consideration  of  the  facts  mentioned  on  pages  200  ;ind 
210.  Liebig  way  not  latterly,  however,  alisnlutely  o])powd  to  1  he 
accejitance  of  the  doctrine  that  living  organisms  are  initiator*? 
of  fomicntative  changes.  On  the  contrary,  t«t  quote  from  Kastian, 
*  he  slightly  widened  his  views  aft<.'r  ihe  conelulion  of  organisms 
with  ferraentatiouH  had  become  established, and  endeavoured  to 
show  that  the  admitted  actions  of  living  units  in  initiating  fer- 
mentations were  but  other  exemplitieations  t>f  his  general 
doctrine,  that  fennentalions  are  induced  by  certain  comniuni- 
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molecular  movements,  sometiinefl  emanat.in^  frotn  nrgjinic 
matter  in  a  Ktat«  of  decay,  and  sometiines  resulting  from  (he 
vital  processes  of  li\ing  units.* 

Had  Liebig  left  oni  the  jiuil  c)f  the  view  which  holds  that 
fermentations  may  be  causeil  by  movements,  *  sonnet imes 
emanating  from  organic  matter  in  a  state  of  decay,'  there  would 
not  have  been  much  to  Hnd  fault  with.  His  theory  would  then 
have  been  merely  another  way  of  viewing  the  motle  tif  action  of 
thej-'e  living  bodies. 

CertJiiu  definite  facts  iu*e  known  which  show  that  organisms 
do  take  j>Art  in  certain  fermentations,  while  I  have  already 
disproved  Liehig's  view  that  decjiying  matter  haa  any  power 
of  causing  these  changes.  The  facts  to  which  I  am  about 
to  allude,  when  taken  together  with  the  constant  jiresence  of 
organisms  in  other  fermeutationH  of  the  same  class  not  yet  in- 
vestigated, render  it,  to  my  mind,  certain  tliat  living  organisms 
are,  probably  in  one  or  other  of  the  way^  indicated,  the  causes 
of  these  chemical  changes. 


Akofudic  FenuenUUioii. 

The  first  case  of  fermeiitjiti(tn  wliich  was  studied,  ;u»d  about 
which  most  is  known,  is  th<'  alcobtilic  fermentation,  Tfie  facts 
and  experiments  on  this  subject  are  now  so  universally  known 
that  it  would  be  sui>erfluous  for  me  to  do  more  than  summarise 
them  here. 

The  yeast  plant  {Tcmila  ceret^^ima')  is  always  present  in  a 
state  itf  vitiility  rlnring  the  alcoholi<*  fprna'ntatiim  of  sug-ar. 

If  yeast  be  raiM'd  to  the  temi>eraturc  of  fiO"  (.\,  at  which 
tcm]>erature  the  cells  die,  the  fennentation  of  sugar  no  longer 
occurs.  }lere  the  oells  are  dead,  and  if  Liebig's  view  be 
coiTcct,  that  dead  cells,  not  living  ones,  arc  the  c^use  of  the 
fermentation,  the  pnKess  ought  still  to  go  on. 

Tlie  juice  of  the  gra|*e  has  no  s{K>ntaneous  tendency  to 
undergo  fermentation,  as  shown  by  the  ex]>eriinents  of  Van  der 
Broeck,  &c.,  ff»rmerly  mentioned,  and  by  the  following  experi- 
ment narrated  bvPaKteur.  In  a  flask  of  the  form  si  low  u  in  Fig. 
68,  A}  the  neck  (a)  <if  which  was  drawn  out  to  a  fine  point, 
Pasteur  l>««iled  water  which  had  been  used  to  wash  the  outside 
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of  a  grape,  and  which  therefore,  according  to  other  cxf)eriments, 
containwl  abiiudant  cau:*c's  of  the  :iIci>hoHc  fermcnlation.  This 
iK)int,  (^/),  which  had  been  sealed,  was  heated,  and  plunged 
through  the  heated  skin  of  a  graj)e  (Fig.  6H,  B).     It  was  then 

lirokcn  in  t  he  interior  of  the 
grape,  and,  by  causing  a  diuiiuu- 
tion  of  pressure  innide  of  the 
(Lisk,  a  drop  or  two  of  llje  juice 
was  8ueked  into  the  Ixjiled  water. 
(The  diminution  in  pressure  was 
thus  obtjiiiied.  After  heating  the 
walls  of  the  flask  with  the  haad  or 
a  lamp,  the  orifice  of  the  bent 
neck  (Fig.  68,  A,  6)  was  sealed. 
When  the  jioiut  of  a  was  broken 
off  in  the  interior  of  the  gi*u]>e  a 
little  juice  jwssed  into  the  flask.) 
The  orifice  a  was  then  sealed? 
am!  flic  orilice  ft  ripened.  Here,  then, he  had  in  the  Hask  unlxiiled 
grape  j  luce,  oxygen,  water,  dead  organisms,  and  organic  inole- 
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-PASTffUR'S  EXPEBJMBNT  ON    rNBO[LED  GBAPE  JUICE. 


A,  tho  flMk  ocnpln,Tf!irl.  A,  TliP  nook  whinli  is  iTpiT«rnU-i1  In  n  w  plnriirrvl  into  the  (rrap".  A.  Tlw 
eiifloe  of  the  U*ni  nock  «t  lint  BuJed  till  the  Bntpi>  juica  Itu  boon  introducnl  uid  then  o}^«i>e^ 
Mid  left  DpL-u.    (Frtmi  PastearO 

cules,  and  yet  no  alcoholic  fermentation  ocenrred.    TJiis  and 
other  experiments'  led  Pasteur  to  the  foUowing  conchtsions  v — 
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'Tlif  hoik»<l  juici"  of  the  gra]>e  never  ferment.s  when  kejit  in 
contact  with  iiir  which  has  Ixicn  deprived  of  the  germs  suspended 
in  it. 

*  Boile<l  gnipe  juice  fcrrnenti:  when  a  very  yinall  rpiantity  of 
water  is  introduced,  in  which  ihe  surfjiee  of  tlie  gTa]K}s  and  of 
the  branches  of  the  vine  have  boon  washed, 

*(jra|»e  juice  does  not  ferment  after  the  intrfKlncduu  of  t!iis 
water  if  the  Iatt4.*r  haa  been  previously  boiled  ami  etxiled. 

*  Grape  juice  does  not  ferment  when  a  anmll  (plant  ity  of  the 
juice  taken  from  the  interior  of  a  gnipe  irf  introduce([.* 

Pasteur  further  shows  that  the  apparently  spontaneous  com- 
mencement of  fermentation  in  tliese  fluiils  is  due  to  the 
existence  of  spores  of  the  tonihe  in  the  ;ur,  tlioogh  they  are 
not,  as  a  rule,  present  in  gre^it  abundance.  He  also  brings 
forward  exj^erimcnts  to  show  how  <Hher  fnugij  sneh  as  MycO' 
iicnna  acrtiy  can,  when  there  is  t(X)  little  oxygen  present,  cjiuse 
the  splitting  u]»  of  sugjir  into  alcnhol. 

Seeing,  then,  that  boiled  and  unboiled  grai>e  juice  may  Ix"/ 
preserved  unaltered  in  presence  of  lur  which  has  been  heated, 
or  in  some  way  or  other  deprived  of  its  dust,  it  is  quite  evident 
that  alcoholic  fermentation  is  not  a  spontaneous  deeompoaition 
nor  one  which  can  be  brought  al)out  by  the  action  of  the  gases 
of  the  air  alone.  Seeing,  also,  that  the  ye;»st  plant  is  always 
present  when  fermentation  is  going  on,  that  anything  which 
destroys  the  vitality  or  interferes  with  the  growth  of  that  plant 
arrests  or  interfenrs  with  the  alcoholic  fermeiH^ition,  and  that 
the  introduction  of  dust  which  does  not  contain  the  torula 
cells  is  not  rccompauied  by  the  alcoholic  fermentatitm  but  by 
some  other  change,  we  must  conclude  that  the  particles  which 
fall  into  fluitls  and  give  rise  to  alcoholic  fennentiilions  are  in- 
timately ass<x*iated  with  the  particles  which  give  rise  to  yeast. 
cells,  and  further  that  they  are  living  ]>articles  subject  to  thn 
same  laws  as  the  yeast  cell  itself.  And  seeing,  further,  that  other 
plants  when  living  under  certain  conditions  are  also  oipable  of 
giving  rise  to  the  alcoholic  fermentation,  we  must  conclude  that 
this  change  is  a  process  due  to  changes  in  living  tissues,  that, 
in  fact,  the  fermentation  is  the  result  of  the  life  of  these  cellft 
and  plants,  and  that,  therefore,  the  ]»artiele«  which,  falling  into 
fluids,  give  rise  to  (he  Turula  cerevisia*,  and  those  whidi  give 
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rise  to  alcoholic  fermentations,  iire  one  and  the  same ;  in  fact  tha£ 
the  growth  of  tlie  yeast  cell  is  in  some  way  or  other  the  cause 
of  the  alcoholic  fermentation. 

Butyric  Fermentation, 

Pasteur  has  also  hrought  forward  evidence  of  a  similar 
nature  as  to  the  butyric  fermentation.  The  organisms  which 
produce  butyric  fermentation  are  biicilli  {BacUltvaaubtiliSy  Cohn), 

whi<'h  Hi>jwrently  live  without 
free  oxygen,  and  indeed  are 
killed  by  it,  and  which  when 
c'ultivahfd  in  various  fluids, 
even  in  Pasteur's  solution, 
cause  l)utyric  fermentation  in 
all  (see  Vig,  69  and  also  Fig. 
64). 

Formation  of  Pigme^it  by 
Bacteria, 


Striking   facts    as   to    the 

Fia.cn.-lUriLLrHsr^^^^        x  fir,o.  .^ssociiUi.m  <.f  a  definite  cheini- 

cal  <.'lijiiig«'  with  the  itresenee 
of  (Organisms  of  a  definite  ftirm  were  bnniglit  forward  by  t'ohii 
and  Sehroeter  with  regard  to  '  ])igiiient  baeteria." ' 

They  sliowed  that  wliile  many  forms  of  <Hganisms  could 
grow  on  such  soil  as  boiled  potatoes,  yet  a  definite  pigiuout 
was  produced  only  when  one  particular  form  was  jtresoiit. 
Tliese  organisms  generally  i)cIougcd  to  the  group  of  'micro- 
cocci,* though  sometimes  pigincnfati()n  was  caused  by  bacteria, 
as  in  blue  pus  (sec  Fig.  70). 

These  j)igments  were  sometimes  scarlet,  sometimes  blue, 
sometimes  soluble,  sometimes  insoluble  ;  and  when  a  variety 
of  soils  were  inoculated  from  an  individual  s])eeimen,the  same 
colour,  with  the  same  chemical  and  oilier  characteristics  and 
the  same  organism,  always  residted.  Xot  only  might  these 
l>igment  bacteria   grow  on  boiled   j)otatoes,  they  could  tlouritih 
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nil   cheese,  meiit,  white  of  egg,  bread,  ntarch,  »S:c.,  the  8ame 
liigment  being  inviiriably  produciKl. 

The  oomlitions  under  which  this  pigment  ai>peared  were 
exactly  those   which   were   most   favourable  io  the  life  of  tlie 
organisms,    while      those      in 
which  it  was  absent  were  those 
in  which   the  organisms  could 
not  develop, 

Schroetifrconcludes  from  his 
investigations  that  these  ex- 
amples show  whnt  a  manifold 
series  of  pigments  may  be 
produced  *  by  bacteria  and  btic- 
teridia.'  He  adds  that  the  or- 
ganisms which  form  them  win 
often  be  recognised  as  distinct 
owing  to  the  difference  in  the 
pigment  produced  ;  the  ori<un- 
isms  which  form  the  various 
[)igmenta  being  often  also  dis- 
tinctly »ej»arahle  by  different  mnqihnlogicnl  characters,  and 
the  different  pigments  l)ehaviug  differently  with  reference  t<» 
chemical  rengents.  He  considers  that  it  is  not  unjustifiable  to 
hold  that  eacli  sejianite  pigment  is  formed  by  a  distinct  specific 
organiflm. 

Schroeter  ftoints  out  that  the  pigments  are  definite  chemical 
substances  fanned  by  the  bacteria  from  organic,  albuminous 
mat**riids,  and  that  the  |>rocesa  is  therefore  (:]uit<'  analogous  tx) 
tlie  formation  of  aloobol  by  the  yeast  plant  or  of  hutic  acid  by 
other  biu'teria, 

C«>hn  further  found  that  these,  same  organisms  developed 
readily  and  produced  the  same  pigment  in  ariificictl  citUivuiing 
JiuiAls  conUiiiihi'f  ammonia  and  a  carltonate,  bat  no  trace  of 
altruvfien,  Oneeobtmnod  in  this  fluid  they  could  be  projmgated 
indefinitely,  the  same  ]>iguient  being  constantly  produced. 
In  this  instance  we  hiive  an  exiiinplc  of  ji  definite  change 
brought  alx>ut  by  the  gnmtli  of  a  definite  ft^nn  of  i>rganism. 
No  apontaneo-uJi  elrnnge  ever  occurs  in  Cohn's  artificial  fluids 
resulting  in  the  formation  of  these  pigments,  and  yet  as  soon 
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as  these  organiAins,  which  are  associiited  with  definit-e  pigtneuU 
when  growinjf  on  albuminous  soil,  are  introduced  into  theise 
mineral  solutions,  the  siuue  pi^aents  :iin)ear.  That  in  the  latter 
case  the  pigment  is  formed  by  tlie  btieteria  is  evident,  for  it  is  a 
complex  orgnnic  substance,  closely  related  to  the  aniline  colours^ 
:ind  yet  in  this  inntance  it  is  derived  from  a  few  inorgunic  salts. 
It  is  therefore  a  substance  formed  by  the  living  plants?,  and,  as 
bt^fore  remarked,  tliere  is  nothing  remarkable  in  this  production 
of  pigment  by  living  cells.  It  is  ordy  what  is  constantly  occur- 
ring in  many  animal  and  vegetable  cells,  and  in  the  latter  it  is 
formed  from  inorganic  compounds.  Indeed,  it  would  be  against 
all  chemical  experience  that  by  any  jmrely  chemiail  process  a 
complex  organic  compound  would  be  so  readily  built  nj>  from  a 
few  inorganic  compiunds  of  n  very  simple  kind. 

These  facts  absolutely  prove  that  the  pigment  fennentation 
was  the  result  of  the  liftt  of  the  organism,  for  the  pigment 
must  have  been  built  up  by  it  and  could  not  have  originate! 
ffcrn  chemical  changes  propagated  to  the  fluid.  If  then  Dr. 
Hastian  is  coiTect  in  his  ojaniou  that  '  Liebig's  view,  if  it  be 
true  at  all,  must  be  true  for  the  whole  of  the  prfjcesses  which 
are  essentially  included  under  the  term  fennentation,'  these 
fact^  alone  overturn  LiebigV  theories. 

Viscous  FernitniUition, 

Similar  fiu-ts  are  known  with  regard  to  the  viscous  fermen- 
tation of  sugar.  This  is  a  transformation  of  yugar  into  gum 
jnannile,  and  ciirbonic  acid,  and  results  in  the  formation  of  a 
viscid,  ropy  flui<].  Piisteur  found  that  orgiiuisms  of  :i  s|iecial  form 
were  present  in  such  inislances,  and  1lJH^e  organisms  when  sown 
in  Pasteur's  solution  always  caused  this  viscous  fermentation. 
The  kind  of  proof  is  exactly  the  s;ime  as  in  the  other  instances 
of  fermeiitiition,  and  need  not  be  re]»eated  here. 

Ltwtic  Fermentation, 


An  instance  in  which  the  causal  relation  of  organisms  to  aT 
fermentative  proi-ess  is  ahs^ilutely  demonstnited  is  the  lactic 
fermentation  of  milk. 

This   fermentation   was  investigated   several  years   ago    by 
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Pasteur,  *  who  showed  that  it  was  exactlyanalogous  tothealcoholic 
fermentation,  and  that  it  wa^  caused  by  a  Hpecial  organism.  On 
examining  fluids  which  were  und^^rgoing  hietic  fermentation 
he  observed  that  minute  round  or  oval  cells  were  constantly 
present.  These  organisms  when  tmnsferre<l  to  fluidH  ca|)able 
of  uourishing  them  always  produeeil  lai'tic  aciil.  To  prove 
that  these  organisms  were  tlie  cause  of  the  fermentation  he 
made  a  decoction  of  yeast,  to  which  ho  added  sui^iir  and  chalk. 
When  they  were  sown  in  this  fluid  lactic  fermentation  oc- 
curred, resulting  in  the  fonnntion  of  large  ()uantilies  of  calcium 
lactate. 

This  fermentation  has  of  late  been  more  fully  studied  by 
Mr.  Lister,  and  as  his  experiments  bear  on  the  whnly  subject  of 
fermentation,  I  shidl  refer  to  them  somcwhnt  at  length. 

As  I  have  previously  mentioueil,Mr,  lister'  found  that  milk 
h:ul  no  inherent  tendency  to  unrlergo  the  lactic  fermentation  ;  in 
fact,  unless  it  was  brought  into  a  dairy  or  into  contact  with 
dairy  vessels  or  workers,  all  sorts  of  fermentations  would  occur 
rather  than  the  lactic.  On  examiuing  milk  undcrgniiig  l;u*tic 
fermentation  he  found  that  an  organism  of  a  definite  and  easily 
recognisable  form  was  constiintly  present,  while  in  milk  which 
was  not  brought  into  the  dairy,  and  which  did  not  undergo 
liu'tic  fermentation,  this  form  of  organism  was  absent. 

'This  organism  is  a  motionless  bacterium  occurring  most 
commonly  in  i)airs,  but  .frequently  in  chains  ttf  ."i,  4,  or  nii>re  indi- 
viduals, each  segment  being  of  somewhat  i-ounded  form,  more 
or  less  oval,  with  the  long  diamet-er  in  the  direction  of  the 
length  of  the  chain,  and  often  showing,  on  careful  focussing,  a 
line  across  their  central  jiart,  indicating  transverse  segmenta- 
tion. They  vary  in  diameter.  .  .  full-sized  specimens  measur- 
ing about  y^riuot*^  »nch/ 

The  question  now  arose,  Was  this  orgiinism,  so  constantly 
present  in  milk  which  was  undergoing  the  lactic  fermentation, 
the  cause  of  that  change  or  not?  Was  s^>me  nther  bacterium 
the  active  agent,  or  was  it  some  hyiwthetical  organic  moK*cule? 

.Mr.  Lister  solved  these  jwu'nts  in  the  following  beautiful 
manner.     He  prepared  a  series  of  flasks  containing  milk  which 

'   Annate*  lU'  Chim  et  d*  Ph^$..  vul.  lii.  p.  4f>7- 

'  TramaaetUma  qf  thr  IHihohffiml  Sorirti^  of  lj*ndim,  1S78. 
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bad  'been  boiltnii,  Thei^f*  were  kept  for  Dome  iJme  fdtl  it  vid^' 
certaiB  tbai  th^  niilk  liud  Weu  remkT^iii  Mfrrile.  Having  cii]<^ 
enhtad  how  muiiy  of  tlms*^  t»val  urganisms*  witl*  preeout  in  a 
giTeaqiiuitiiy <^r  ft^ruieiitiug  tiii1k%  ln'  tlilaUt!  tliin  milk  m>  nx  to 
hftv«  only  on»^  hnjettirium  in  u  di'thiitt*  (inutility  {tt^j*  ^^^th  of  h 
minim)  <rf  tJH>  Huul*  HUpjK»sing  lUut  the  iKicU-nu  weiv  equally 
diffused  throui^Urnii  it. 


^biswatdoiu*  tti  tlio  following  miiiimir  :— '  By  mtMumofthesyrtn^fe 
'ilnw<1y  dtMnri'll  \ '  (oiu'  grat^lnultsd  to  the  fJiotU  of  a.  miQim)  'on»  or 

Tiini-r  hiiii«1rfNltbK  uf  a  inuiim  csould  Ijo 
tiiMHAUi'Ci]  witli  (n^f^i^iii  acKunhry;  fUid  1 
foimi!  ibiit  ]t\»lti  tuinttia  enat-tly  iKH^ii{tt«il 
u  ciitJular  plato  of  x\\\n  t^^-orinjc;  *;Iai», 
lialfan  inch  in  di/imptcn  no  tfmt  whrr* 

fi  I    iiiid  a  oovi»r  j;lsi>s  of  tbt' HiiUT  mftittoned 

/     nntl  t]tiit«  iliit  wil-s  (iiit  down  it)K>n  il,  »U 
ur  was  expelled  from  ander  the  laMBr^ 
and  the  rim  of  fluid  that  formed  round 
about  its  margin  was  so  narrow  as  not 
Fio.  71.-  Bactehium  lactir    ^  measure  a  quarter  of  the  diameter  rf 
IN  PAIB8  AND  CHAIN8.         ^j^^  g^j^  ^^  ^^^  micTOscope  even  whoi 

\X^S^AU^n^^t^^^    *^«  ^'»«^^*^  magnifying  power  was  uaed. 

In  other  words,  ^o^^  minim  was  dispoeed 
in  a  thin  uniform  layer  of  the  exact  size  of  the  cover  glass.  Hence 
the  number  of  bacteria  under  the  glass  slip — that  is  to  say,  in  ^th 
minim — was  equal  to  the  number  of  the  bacteria  in  a  field  of  the 
mlscroscope  multiplied  by  the  number  of  times  the  area  of  that  field 
went  into  the  area  of  the  covering  glass.  The  micrometer  gave  the 
diameter  of  the  field  in  thousandths  of  an  inch  ;  and  the  cover  glass 
measured  500  thousandths  of  an  inch  across ;  and  the  areas  of  the 
circles  were  of  course  proportioned  to  the  squares  of  those  diameters. 
All  that  was  needful,  therefore,  in  order  to  enable  me  to  calculate 
the  number  of  bacteria  in  v'^th  minim,  was  to  form  a  fair  estimate  of 
the  number  of  bacteria  per  field,  and  this  was  done  by  counting  the 
organisms  in  a  considerable  number  of  fields,  and  taking  the  average. 

'  As  the  result  of  the  estimate  which  I  made  of  the  number  of 
bacteiia  present  in  every  ^^^th  minim,  I  found  it  necessary  to  dilute 
the  milk  with  no  less  than  a  million  parts  of  boiled  water,  in  order 
that  every  j^^th  minim  should  contain  on  the  average  a  single  bac- 
terium.' 
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Having  obtained  the  necessary  dilution  Mr,  Li8t<;r  i>ro- 
ceeded  as  frillows  : — *  One-hundretith  minim  of  the  infected 
water  was  fidded  by  means  of  the  syringe  to  each  of  five  glasses  of 
pure  boiled  milk.  The  result  of  this  inoculation  was  that  only 
one  of  the  five  glasses  wis  affected  at  all.'  The  others  remained 
unchanged,  without  fernieutatiou,  and  without  biicteric  develoj>- 
ment.  The  one  which  was  affected  underwent  lactic  fenuen- 
tation,  and  in  it  the  bacterium  lactis  alone  was  found,  no 
other  form  t»f  organism  wius  present.  This  bacterium  was  iiKX'U- 
lated  into  urine  and  developed  there.  After  four  days  milk  was 
inoculated  from  this  urine.  The  milk  underwent  lactic  fer- 
mentation, and  these  bacteria  were  again  found.  Drojis  c>f  uriue, 
diluted  So  as  to  contain  three  Imcteria  per  drop,  caused  lactic 
fermentation  in  all  the  vessels  to  which  they  were  added. 

The  following  experiments  ufff^nl  absolute  proof  lliat  the 
bacterium  was  the  cause  of  the  iernientatiun  : — 

'On  August  30  last  (1877),  having  provided  sixteen  pure 
gl:L*isc?s  of  boiIe<l  milk,  rmd  having  estimated,  in  the  manner 
already  described,  the  number  of  bacteria  j^resent  in  every  ^'^th 
minim  of  a  glass  of  boiled  milk,  which  had  been  inoculated  the 
day  before  by  touching  it  with  a  heated  needle  dipped  iu  milk 
curdled  under  the  iutluenee  of  the  [lure  fermeut,  I  diluted  a 
drop  of  this  milk  with  boiled  water  to  the  requisite  degree,  and 
intr«>duced  into  each  of  ten  of  the  sixteen  unoontaminated 
glasses  a  drop  calculated  to  contain  on  the  avenige  a  single 
bacterium,  while  five  of  the  rest  received  each  a  dr(»i»  supposed 
to  contain  two  of  the  organisms,  iiud  the  remaining  glai*s  was 
inoculated  with  a  quantity  in  which,  nccorrling  to  the  estimate, 
there  would  be  four  bacteria.  The  result  was  that  within 
three  and  a  half  days  the  glass  into  which  four  bacteria  were 
sujijKi.^ed  to  have  been  introducefl  contained  a  eurtlle<J  mai»8, 
and  the  five  which  had  received  the  drops  arranged  for  two 
bacteria  each  had  all  undergone  a  similar  change.  Of  the  ten 
inoculated  with  drops  averaging  one  bacterium  each  the 
majority  were  at  this  jx^riod  still  fluid,  but  some  assumed  the 
sitlid  condition  in  the  course  of  tlie  next  twenty-four  hours, 
though  at  flifVerent  times.  But  of  this  series  of  ten,  exactly 
five,  as  it  so  hup|)ened,  remained  jtermanently  fluid.' 

Every  glass  in  which  curdling  had  inrurred  contained  the 
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bact«*riiim   lactis;   the    five  glaAseB   in   which   the   milk    wus 
unaffected  contained  no  organisms. 

Hence  it  seems  clear  that  when  thia  organism  is  present  in 
milk  lactic  fenncntation  occumt.  Where  it  is  absent  thia 
change  does  not  take  place,  for,  as  Mr,  Lister  aigiies,  we 
could  hardly  suppose  that  an  organic  molecule  or  ferment 
wouhl  occur  exactly  in  the  same  cjises  as  the  nrg;inii!in8 
appeared,  unless  there  was  »ume  intimate  relation  between 
them.  If  organic  molecules,  indei>endently  of  the  organisms, 
were  the  cause  of  this  fermentation,  some  flasks  ought  to 
undergo  lactic  fermentation  without  the  presence  of  any 
organisms;  others  ought  to  show  development  of  these  orgun- 
i?ms,  but  no  lactic  fermentation. 


Othfir  FermentatioTia,  MpecUdly  the  Putrefactive, 

I  may  just  refer  more  as  a  matter  of  historical  interest  than 
of  real  use  in  this  question  to  Lemaire's  exixriments  with 
carbolic  acid  and  his  iPjiinifm**  on  ft'iiiieiitationJ 

Lemaire  showed  that  tlio  udditicui  of  carbolic  acid  to  organic 
fluids  and  tissues  prevented  putrefaction  and  other  fermentations. 
CarlxtHcacitl.  aceonlini^lMbini,  did  tint  interfere  with  the  fermen- 
tations i-aused  by  '  unformed  '  ferments,  such  as  synaptiufe,  Otc. 

He  then  points  out  tJiat  the  unformed  ferments  can  act  at 
ieni[>erjitureH  at  which  the  other  ferments  are  inert,  as,  for  in- 
stance, at  zero  and  at  70^  C.  Trituration  of  yeast  destroys  its 
fermenting  [wwer,  while  trituration  of  emulsin  di>e8  no  harm. 
In,  fact  anything  that  favours  life  favours  alcoholic  and 
allied  fermeutaliouH,  while  anything  which  is  inimical  to  life  is 
also  inimical  to  these  fermentations,  though  many  of  these 
things  do  not  interfere  with  the  arti<in  of  *uufiirmed'  fer- 
ments. 

I  have  before  referred  to  the  experiments  of  Cazeneuve  and 
Livmi  on  unboiled  urine. 

The  method  o\'  obtaining  the  bJaddLT  with  its  contained 
urine  has  been  ])reviously  described  ;  and  in  the  successful 
experiments  formerly  mentioned  on  p.  37,  no  organisms  were 

'    L'aciilr  ph^Hniftr,  18*15. 
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fuiind,  while  if  t!ie  somewhat  concentrated  urine  were  removed 
and  diluted  with  ordinnry  water  it  became  alkaline  in  twenty-four 
LourM,  and  filled  with  *  torulucee,'  KeHultH  similar  to  those  men- 
tioned were  obtaine<i  when  the  urine  had  been  previously 
rendered  alkaline  by  the  adminiHtrution  of  soda  or  potash. 

Puncture  of  the  bladder  was  soon  followed  by  alkalinity  and 
development  of  organisms  in  thr  urine  :  hence  it  is  not  the 
absence  of  oxygen  from  the  urine  which  is  the  cause  of  the 
absence  of  cliange  in  it.  llie  following  ex|>eriment  shows  that 
the  merest  trace  of  oxygen  is  all  that  is  required,  if  indeed  it 
be  at  all  necessary. 

Prevent  the  evajM)r:ition  through  the  walls  of  the  bladder, 
liy  imnuTsing  it,  immediately  on  its  removal  from  tfie  bxly,  in 
melted  paratfiu  at  the  temperature  of  45°  C.  This  temperature 
is  in8urtioient  to  destroy  the  gennn  which  frll  on  the  wall  of  the 
bladder  during  its  transit  from  the  abdomen  to  the  paraflin.* 
Thus  a  layer  of  paniffin  covers  the  outside  of  the  bladder,  pre- 
venting tlu' ra[)id  evapomtion  of  the  tlniil  which  exudes  while 
living  org.misms  ure  present  on  the  wall  of  the  bladder.  In 
twenty-four  liours  remove  the  pjiraflin  case.  It  18  then  fountf 
to  cmtuin  an  alkaline  tm*bid  fluid  fidl  of  organisms.  These 
urgiiuisms  have  not,  however,  had  time  in  twenty-four  hours  to 
I>enetrate  into  the  interior  of  the  bladder,  and  therefore  the 
(U'iue  inside  iii  found  to  be  sliU  acid  and  devoid  of  life.  The 
ttame  is  ihecase  with  icrlne  rendered  alkalhe -thi-  fluid  outside 
contains  organisms,  that  inside  h  free. 

But  let  the  bladder  he  first  dipped  in  punttfiu  at  100°  C,  so 
as  to  destroy  any  living  organism  in  contact  with  the  wall,  and 
then,  after  removing  it  from  this  |)araf)in  at  the  end  of  a 
minute,  let  il  be  plunged  into  jwirafiin  at  45°  C,  so  as  to  get  a 
thicker  coat  (this  paraffin  is  pn-viuusly  heated  to  110°<j.,  and 
during c<»oling  is  protected  from  the  dust),  it  will  be  found  that 
even  after  three  days  the  fluid  outside  the  bladder — in  the 
paraflRn  cup — is  still  clear,  acid,  and  devoid  of  orgimisms.  Le^ve 
this  bladder  now  exjiosetl  to  the  air  for  say  five  hours,  then 
give  it  a  new  conting  of  jMiraflin  at  45*  C,  and  leave  this  on 

'  Till*  rvAsoi)  why  lliu  iif^unittniH  ilo  not  ili'vclupoii  tlitf  bludder  hung  up  in 
Lhc  air  U  thnl  tbu  tluid  ilrie^  aa  tuKin  ait  it  uxudca,  hikI  therefore  the  urgunisinii 
Imvc  no  Baid  in  which  to  devflop. 
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fur  three  diys.  The  Huid  outside  I  he  bliuMer  will  be  found 
ill  thiti  ca^e  to  be  iuumtmiiural  tiiid  to  contain  organisma. 
Hence  the  wuUs  of  the  bladder  aud  the  fluid  in  the  interior 
were  not  modified  by  the  heatt*d  paraffin  in  the  first  part  of  the 
exjK?riment, 

These  exj)eriments  alone  are  sufficient  to  refute  Liebig's  view 
of  organic  molecules  and  decaying  matter  ;  for  in  the  first  jxui-  of 
tlu>  experiment  they  were  present  in  an  unlimited  amount,  hut 
so  long  as  organisms  were  excludeil  no  fermentation  occurred. 
Their  h^'aring  also  on  the  theory  of  fq»ontaneous  generation 
will  be  at  once  evident,  aud  has  iudeed  been  already  allude<l  to- 
I  would  only  refer  here  to  the  experiments  in  which  the  unne 
was  made  ufhtflafj  and  in  wliich  therefore  we  had  a  natural 
alkaline  unne  full  of  organic  molecules  and  in  contact  with  the 
tissues  of  the  bladder,  and  yet  no  organisms  ap^jeared  in  it  m* 
long  n»  the  dunt  f>f  the  air  was  excluded  ;  in  other  words,  the 
tdkidi  hxul  no  Injiueiice  in  detetudiiiiuj  the  re-iirrani/em&nt  of 
the  nuvieroxLs  organic  vwl^cttle^  xokich  were  present  in  tka 
Widl  of  the  bladder  and  in  the  Jluul  in  its  interior^  so  (W  to 
form  new  livlntj  beings.  This  is  in  exact  correspondence  with 
Dr.  Roberts's  results,  and  is  a  much  more  telling  experiment. 

Some  very  remurkiihle  and  convincing  facts  have  been  lataly 
obtained  by  Ur.  Fiiul  Bert.^ 

On  subjecting  the  *  unformed  *  ferments,  such  as  ptyalin, 
]M'y)sin,  inversive.  ferment,  niyrosin,  inid  euinlsin  to  high  degrees 
of  pressure,  he  found  that  the  properties  of  these  ferments  were 
not  in  any  way  fmpured. 

Thus  to  quote  Kxperimout  467  : — 

*21  Jiiillot  1S74.  Siilinihnmmnc  etonihiod'rsui  ct  plac^e  dnns  un 
intitras  etiii'  h  la  lamjM',  et  sduinirt  a  ].'>  atm.  il'nri  air  suroxyj^^iie. 

*  Le  30  Juillct  jrt  (l(5ooin|>rime  et  somle  IVxtivniit*^  <\\\  tube  ettili. 

'  18  Janvier  IS7fi.  C'ette  saliva  qui  na  sent  Hen  et  jtnrait  bien 
norniale,  neutre  aux  i-^actifs,  tmusformp.  avec  ime  gi-antie  <^nergie 
I'aTnidon  cuit  ou  glycoso.' 

It  was  proved  by  a  former  exi»eriment  (p.  201)  that  the  amy- 
lolytie  property  of  ptyalin  was  not  altered  by  diminution  of 
pressure,  and  the  same  is  true  when  the  ]>res8ure  is  increased : 
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t,  what  is  of  great  innx»rtance,  other  ferments  of  the  same  class, 
whirh  are  ai)t  in  lone  their  propertien  when  kejit,  owing  to  the 
occurrence  of  putrefaction,  retain  these  after  being  subjected 
to  strong  pressure  if  new  causes  of  putrefaction  are  excluded. 
ITie  explanation  of  this  fact  is  simply  that  the  bacteria  and 
fungi  are  killed  by  the  high  presstu'e. 

Bert  also  enquired  whether  these  ferments  could  continue 
to  act,  in  this  coin]iressefI  air,  and  he  found  that  though  they 
did  continue  to  act  the  rapidity  of  their  action  was  trianifestly 
diminished.     Thus  Exp.  470 : — 

'  20  Janvier.  Siilivn*,  aiuiiJon  era  et  oau.  Bien  mel^  et  plac^  dans 
plusieurs  tubes.  Ou  sWsnre  que  le  melange  ne  contieut  pas  de 
glyoose. 

*  A — k  111  ]>reKtiion  normalo,  Ixiuche  avec  comet  de  papier  renverse. 
*B — A  lil  atni.  d'air  Miroxyg^nd'. 

*  Tons  les  deux  sout  mis  a  I'etuve,  3(1  degres. 

*  25  Jauviei-.  I'jisa)'^  avec  liquvui-  bleue  : — 

*  A — 7ce  en  rcduisent  30  gouttes. 
'  B — 7oB  ea  r^duisent  1 4  gouttes/ 

Tliis  result  was,  however,  not  obtained  unless  the  fluids  were 
examined  within  a  few  days.  At  a  later  jieriod,  cspeciaHy  if 
diastase  was  employed,  the  contrary  was  found ;  the  fluid, 
subjected  to  compression,  containing  nunc  sugar  than  tlie  other. 
It  was  found  that  the  explanatinii  of  this  was  that  the  diastase 
whicli  had  remained  exjiosed  to  the  air  had  become  altered, 
owing  lo  tlie  growth  of  organisms  in  it,  while  organisms  being 
unable  to  develop  in  that  subjected  to  high  )jressure,  the 
diai>tase  had  retained  its  properties  and  continued  to  act. 

Paul  Ik'rt  concludt^s :  'All  the  soluble  falsi^  ferments  with 
which  we  have  experimented,  diastase,  ptjaliu,  pepsin,  inversive 
ferment,  myrosin,  emulsin,  have  yielded  the  same  result,  and 
have  retained  their  chamcteristic  properties,  after  thc]>rolonged 
action  of  oxygen,  at  a  high  pressure.  Indeed,  as  this  compressed 
oxygen  destroys  the  germs  of  fungi,  vibriones,  &o.,  which 
sooner  or  later  destroy  these  ferments  when  ex|Kised  to  ordinary 
air,  the  latter  remain  unaltered  for  an  apjjiirently  indetinite 
perifxl  of  time.* 

If  we  now  com])aro  these  facts  witl^  tliose  obt^iined  l>y  sub- 
jectingthe  Mrue  '  ferments — those cau&ing putrefaction, i!tc. —  to 
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high  jirciiBureft,  we  shnll  find  it  remiirkable  contrast ;  the  latter 
cliiss  of  ferments  bohave  under  high  pressures  like  h'ving  beings, 
not  like  the  unformed  ferments  just  mentioned. 

Bert  says:  '  The  nio8t  striking  fact  wbich  hiKs  been  made  out 
in  these  experiments  h  that,  in  air  sufficiently  compressed, 
putrefaction  does  not  mvur,  no  dinagreeable  odour  manifests 
itself,  and  mus4*le,  for  instance,  preserves  its  normal  api)earance 
except  in  colour ;  its  niioroscopic  structure  is  not  miu-kedly 
altered.' 

Thus  Ex]».  404.  *  17  Mat's,  Viande  en  uioiccaux  et  can  ;  dans  2 
petite  miilnis  effiles  k  In  laiupe.    A — u  la  presgion  normalr. 

'  U,  B' — ii  IG  atuiosphdrftB  d'uno  couiprtission  fiiite  avec  de  Tair 
contenant  80  jwur  100  d'oxvi^c'iic. 

*  2fi  Mmv..  Dectniipniiiu.  A,  pourri,  infect.  B  n  a  piu*  d'odeur  et  est 
ncuti-o  aux  p&piun>  r^>actifH.' 

But  this  ia  not  all ;  for  when  one  re»t<»res  the  pressure  to 
the  normal,  taking  sufficient  precsiutions  to  i)revent  the 
entrance  of  now  orgjinisms  from  without,  ptitrefaiction  no  longer 
occurs,  and  unb')iicd  meat  nmy  he  preserved  at  the  nonnal 
pressure  for  an  indefinite  time  after  being  subjected  to  high 
atmospheric  pressures.  The  jireeautinns  reqtiinvl  to  prevent 
the  entrance  of  organisms  after  the  conipresHitai,  and  to  ensure 
the  complete  destruction  of  those  present,  are  detailed  on  i),l84. 

Exp.  407.  *20fevrier.  On  met  ilans  15  tuljos  15  moix;eaux  de 
viandc  pesnnt  clificun  1  gr.  Ces  tubes  sont  ensuite  ^tii-es  a  la  lnin{ieot 
»^>uuli^  riiins  I'apiwireil  en  fer,  ii  15  iitmoHphfrres  tr^8-8uroxyg^n6*. 

*  3  Mars.  On  Lk-couipriint'  avcc  pr^-niitiou  et  Ton  ferme  a  la  lampe 
lee  15  tube**.  Lanalyse  de  3  d'entn;  oiix,  fjiite  auswiti^it,  donuo  do  7t) 
k  80  pour  100  d'oxyg6ne. 

*  1 3  Mars.  *  On  brise  un  dea  tubes  sous  le  uic^rciuv  :  viim<Ieambrd*p, 
pA8  d'odeur,  reaction  aoidv.  On  trouve  G'J  pour  100  d'acide  caibo- 
nique  ot  77*8  d'oxygene.' 

From  a  large  number  <tf  exjieriments  Brrt  finds  that  a  pres- 
sure of  tweuty-one  atmospheres  is  sufficient  to  kill  tbeorgani.sms 
which  cause  ]mtrcfaetion.  Similar  facts  were  made  out  as 
to  fcrmculalions  in  blood,  eggi^^  urine,  milk,  nlcolioJic  fermen- 
tations, *S:c.  A  fact  which  he  observed  more  esiiocially  in  con- 
nection with  blood  and  milk,  is  worth  mentioning.  He  foimd 
that  in  the  case  of  milk,  as   in   the  case  of  other  substances. 
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putrefaction  was  arrested  by  compressed  air-  But  if  tubes 
were  uhoiI  neither  coagulation  nor  rapid  acidification  were 
prevented.  Was  this  because  oxygen  in  tension  wa-s  without 
action  on  the  bacterium  lactis  ?  or  was  it  that  the  coaguUition 
of  nn!k  wa.s  not  the  work  of  these  niicroscopie  organisms,  but 
rather  of  some  agent  wliich  <'an  resist  oxygen,  as  we  have  seen 
to  be  the  case  with  the  *  unformed  '  ferments  ?  On  further  in- 
vestigation, however,  he  fniind  that  the  result  depended  cm  the 
thickness  of  the  layer  of  liquid.  If  it  waa  thin  the  tendency 
to  coagulation  was  destroyed. 

Exp.  431.  '  10  Aotit.  I^it  boiiilli ;  mis  en  couche  de  2  a  3 
niillimetr(»  d'epaisseur  dans  deux  cristallisoii's  iieufs  et  bien  Uv^^ 

*  A — a  Tair  hhre,  sons  »m  verre  qui  urrete  lea  pou8Bi6i*es. 

*  B — h.  25  fttraosphAres  d'air  suroxyg^n^. 

*  14  Aoiit.     Decoinpriai6. 

*  A  est  ooa^ule  dopuis  le  11  et  sent  tr^-inauvais. 

*  B  est  Uquidc,  no  sent  auctuie  odeur  et  pdmit  noniiul.' 

Paul  Bert  sums  up  his  residta  with  milk  as  follows:  'These 
ex]>eriment8  prove  in  a  very  conclusive  manner  that  oxygen  in 
astjite  of  high  tension  prevents  the  cosigulation  of  milk,  that  is 
to  say,  kills  the  vibrios  which  cause  the  lactic  fermentation. 
As  the  action  of  these  organisms  is  very  rapid,  it  is  necessary, 
in  order  to  arrest  it,  to  employ  oxygen  at  veiy  high  pressures, 
and  to  have  the  fluid  in  a  thin  layer,  so  that  the  oxygen  can 
saturate  it  tpdekly.  In  the  case  of  putrefaction,  which 
occurs  much  more  slowly,  these  excessive  ])recautions  are  not 
necessary;  milk  diflfering  from  blotxi  in  not  consuming  the 
oxygen  as  it  jtenetrates  the  liquid,  the  gas  has  time  to  reach 
the  bottom  of  the  tubes  and  to  kill  all  the  putrefactive  agents 
present.  This  fact  explains  liow  one  can  so  easily,  by  means 
of  com]»reHs«Ml  air,  prevent  milk  from  imtrefying,  and  yet  have 
so  much  difficulty  in  preventing  its  coagulation.* 

It  would  be  sujR*rtiuous  to  pursue  the  proof  of  this  matter 
further.  The  greater  [Mui  of  the  preceding  iw)rtiou  of  this 
work  has  consisted  of  evidence  which,  taken  together,  can  leave 
no  doubt  on  the  mind  that  putrefaction,  like  other  femien- 
tationM,  iri  caused  by  the  growth  of  orgiinisiiis  in  the  jnitrefying 
material     Pasteur's  rc-earchcs  have  led  him  further,  and  caused 
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\  to  adojyt  a  theory  of  ferment  all  on  which  \\^  certainly 
many  facta  to  »ujij*ort  il>  though  I  donbt  if  it  can  hold  good  in 
many  instances,  \{v  thinks  tliiit  when  ii  anhH*anc*i*  jtutrffies 
two  classes  of  mirroscinn*^  (jrganijtniK  are  at  wnrki  tho  tirst  in 
|K>iiit  of  time  being  chiefly  engaged  in  abstracting  the  free 
oxygen  from  the  mat^rifil,  and  the  sf^eond,  which  then  nppe^nr, 
being  unable  to  live  in  frec^  osygen,  but  uevertht'less  requiring 
oxygen  for  their  growth,  and  obtaining'  it  from  the  chemical 
conibinotions  present.  The  re*snlt  of  tins  extriiotu>n  of  oxygen 
le  breaking  up  of  these  cumimunds — thi-ir  putrefaction— 

1  the  rei^rrangement   of  their  idements  to  form  new  com* 

,^  I     H^!,  which  constitute  the  pr^xluefs  of  pntrefnetion.     Wie- 

t^afiteur's  theory  be  true  or  not,  all  the  estperimetstal  reitulta 

1  together,  as  well  as  the  numerous  fwetfi  known  aa  to  tlie 

ver  of  antise]>tics  in  jirref*tfng  this  class  tjf  f*Tnicntiittoni^t 
^**deT   it,   no    longer  doubtful   that  the    jiartielea    which    full 

>  organic  inaterialft  and  cauw  fermentations  there,  are  the 
ofn*je  ai5  those  which,  fidling  on  the  same  substances,  give  riae 
to  the  lower  forms  of  organisms;  in  other  words,  are  bacteria 
or  their  qiores. 
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REILATIO.N   OF  MiCKO-OUGAMSMS  TO   THE   FLUIDU   AND  TU$£»UES 
OF  THE   UVINO    BODY. 

Pro|>nflc<I  mitdo  of  enquiry  -Docs  the  aseptic  method  prevent  putrtfacUon  ! 
Does  it  exclude  organisms  from  wounds  7  Kanke'i*  results:  Klebs*  objec- 
tion :  Ranku'tf  reply :  Deniarquay  :  Fischer:  SdiuUer:  my  own  method — 
ReiinltA  in  a.'«epiic  wonndfl— ReanlU  in  wounds  treated  otherwise— Koch'a 
method  of  Mtaining  pus — UesulUin  cases  not  treated  aseptically— Rxnniplefl 
of  tiimplete  excliuion  of  organisms  in  aseptic  casen— Examples  of  the  en- 
trance of  micrococci  in  aseptic  ca»e8— Definition  of  micrococci — Distinc- 
tions between  micrococci  and  bacteria.  Are  organisms  prei«enl  In  the 
healthy  iivinp  bcxly  ?  -•  Hi^toumaf^e.'  Arc  urjcanimns  presenl  in  the  body 
in  Btates  of  disease  7— Experiments  with  ammonia,  phonphorus,  ic.  The 
healthy  blood  and  tissues  cam  destroy  nrgnnisniti—  Hetation  of  organif^ms  to 
ahe-t-eftses.  How  do  micrococci  enter  aseptic  wound*  7  riirbolic  lotion  a- 
frulticient  gerraicido:  Spray,  its  value— Stimson'sexfieriments  ;  Gauze  riress- 
ing  as  a  prot^^etinn  againnt  entran(^«  of  orffanisms;  Carbolic  acid  a»  a 
germicide  in  albnminotis  tloids ;  Helalions  of  micrococci  and  bacteria  to 
fluids  containing  carbolic  acid.    Conclusiotui. 

All  the  ex]>erimeiit8  which  have  been  referred  to  as  yet 
rehite  to  fluids  and  MssueB  removed  fmin  the  hady  and  pre- 
served in  flasks.  It  now  reroainB,  before  quitting  the  «uhject, 
t/>  entpiire  if  our  conclueionB  hold  rihxI  for  fluids  and  tisHues 
retained  in  conneclioa  with  the  living  bcxiy.  An  investigation 
of  this  sort  has  been  demanded  by  some  writers,  as,  for  initance, 
by  Mr.  Holmes.  At  least  that  is  what  I  take  him  to  imply  by 
the  following  passage*  (I  can  see  no  olher  meaning  in  it): 
•When  we  are  told  that,  in  order  to  practise  antiseptic  nurgery, 
we  must  believe  in  ihegenn  theory,  then  I  winnot  but  say  that 
belief  in  not  a  volunttu-y  act  ;  it  muHt  follow  uj>on  proof,  and 
no  convincing  proof  of  the  germ  theory  as  applied  to  living 
tijuftten  and  Itvint;  phe-nomeiia  has,  as  fur  an  J  know,  yet  l»en 
oflfered.'  Gnmting  that  I  inteq)ret  Mr.  Holmes'  meaning 
anght,  I  venture  to  diflferfrom  him  as  to  the  necesHity  for  such 

'  See  MacCormac's  Amtitcjitic  Swt^rrjft  p.  61. 
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&ct8,  but  nevertheless  I  think  it  well  to  intarodnoe 
investigations  which  I  have  carried  on  with  refareiice  to  Una 
question.' 

The  mode  in  which  I  propose  to  ascertain  whetlier  the 
former  ooncluaions  apply  to  the  living  body  or  not  is  bj  the 
examination,  in  various  ways  and  under  vaiying  drcnmstuioes^ 
of  fluids  and  tissues  in  the  body. 

We  have  before  seen  that  the  method  which  we  have  agreed 
to  term  the  aseptic  method  of  treatment  is  nothing  more  or 
less  than  a  series  of  experiments  on  the  germ  theoiy  of  patze- 
faction — experiments  made  with  the  object  of  rendering  atino* 
spheric  dust  inert  before  it  reaches  the  wounds.  We  ahiill 
attain  the  object  of  the  present  enquiry  by  ascertaining  how 
far  these  experiments  are  successful.  In  discussing  this  qoea- 
tion  the  following  points  suggest  themselves : — 

Does  the  aseptic  method  of  treatment  prevent  putie&ctive 
or  other  fermentations  in  the  discharges  or  tissues  of  wounds  ? 

If  putrefaction  is  prevented  are  organisms  also  excluded  ? 

If  under  any  circumstances  organisms  do  enter  wounds  so 
treated,  what  are  the  peculiarities  of  these  bodies  ? 

Are  organisms  present  or  do  fermentations  occur  in  fluids 
or  tissues  in  the  living  body,  which  have  never  been  exposed 
to  the  atmospheric  dust  ? 

If  organisms  are  present,  how  is  their  occurrence  to  be 
explained  ? 

If  organisms  enter  wounds  treated  asepticully  how  do  they 
get  in  ? 

1.  First,  then,  does  this  method  prevent  putrefaction  ?  Un- 
doubtedly it  does.  Compare  the  course  of  an  abscess,  con- 
nected with  diseased  bone,  opened  and  kept  open  without 
aseptic  precautions,  with  that  of  one  oj>ened  in  accordance 
with  strict  aseptic  principles.  In  the  former  case  the  pus 
rapidly  undergoes  fermentation,  in  all  probability  putrefaction  ; 
in  the  latter  case  the  discharge  does  not  undergo  fermentation, 
and  remains  sweet  and  piu*e  till  healing  is  complete,  however 
long  that  may  be.  I  have  at  this  present  moment  in  my  mind 
such  a  case.     A  imtieut,  a  young  woman,  came  under  Mr. 

*  For   many  details  not   mentioned    here,   see  the    Trannaciion*  of  the 
Patholofiical  HitHfti/  for  1871». 
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Lister's  oire  in  Augn;*!  187f),  with  spinal  disease  and  j^soas 
abscess,  Subsetjufr'ntly  a  [isoas  absoess  ap|)eare(l  tm  the  other 
side,  and  hiter  a  lumbar  abscess  also.  I  dressed  the  case  almost 
from  the  first  myself,  and  though  tiieae  dressings  were  clianged 
at  first  daily  and  then  ultimately  weekly  for  nearly  four  years 
(for  complete  healing  did  not  occur  till  ,liuie  1880,  though 
there  had  been,  for  a  long  time,  only  minute  sinuses  furnishing 
almost  no  discharge),  yet  neither  putrefaction  nor  any  other 
fermentation  ever  occurred  in  the  discharge  from  tliese  wounds. 
Indeed,  I  may  say,  from  long  exjM*rience  of  Mr.  Lintors  practice 
and  from  long  use  of  his  method  myself,  that  one  who  has 
bad  some  experience  in  this  method  may  now  reckon  with 
certiiinty  on  avoiding  puti*efaction  or  other  fermentative  change 
in  discharges  from  any  wound  made  in  a  situation  where 
aseptic  dressings  can  be  applied,  provided  always  that  the 
treatment  be  strictly  carried  out  b}' the  method  described  at 
length  at  the  beginning  of  this  work. 

2,  8uch  being  the  facts  with  regard  to  the  absence  of 
putrefacliou,  is  it  equally  the  case  that  organisms  are  absent 
from  the  wounds  ?  We  saw  a  constant  relation  between  the 
bacterium  lactis  and  the  lactic  fermentation :  can  similar  facts 
bo  found  with  regard  to  aseptic  and  septic  wounds? 

The  tirst  communication  on  this  subject  was  made  by  Dr. 
Ranke,*  of  Halle,  in  1874.  He  published  a  note  of  300  exami- 
nntiouR  of  the  discharge  from  fifteen  wounds  treated  aseptically, 
and  following  an  aseptic  course,  in  which  he  states  that  on  only 
one  occasion  did  he  fail  to  find  organisms.  His  method  was 
pimply  to  look  at  the  discharge  through  a  microscope,  and  it 
was  not  a  pjirticularly  high  power  which  he  employed.  The 
organisms  which  he  says  were  present  were  for  the  most  part  mi- 
crococci in  pairs,  alsn  iitrepto<.'0<'ci ;  more  rarely  small  ormiddle- 
fiized  bacteria.  He  did  not  carry  his  investigations  farther,  but 
on  this  evidence  he  rejects  the  germ  theory  as  sufficiently 
explaining  the  etiology  of  septic  diseases. 

While  by  some  these  observations  have  been  regarded  as 
accurate  and  as  confirming  their  previously  formed  views,  by 
lixuiny  they  have  been  lix>kcd  on  iis  erroneous,  cither  from  having 
'been  made  on  cases  in  which  the  aseptic  method  had  been 
'  Ckirurff.  t'rntralbhitt,  No.  13.  1874. 
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impprfectly  carried  out,  or  in  theraaelves  faulty.  In  answer  to 
objections  of  the  former  nature  urged  by  Professor  Klebs  *  of 
Prague,  Dr.  Ranke'  publinhed  another  j>aper  in  July  1876, 
quoting  causes  to  show  that  the  treatment  had  been  in  reality 
properly  carried  out.  He  instances  e8])ecially  cases  of  hydro- 
cele, treated  by  making  a  gmall  incision  into  the  sac  with 
aseptic  precautiauH  and  stitching  it  to  the  skin,  where  cure 
followed  without  any  inHaraination  or  constitutional  disturbance^ 
but  where,  neverthelesa,  organisms  were  present  in  the  dis- 
charge. From  those  cases,  as  well  as  from  the  variouH  pub- 
lished rejKjrts  of  the  results  of  Pnifessor  Volkmann'a  practice, 
there  seems  no  reason  for  doubting  that  the  observations  were 
made  on  wounds  treated  with  all  due  precautions,  and  following^ 
<an  aseptic  course  similar  to  that  which  Mr,  Lister  himself 
would  exiH»ct. 

About  the  same  time  Demarquuy  ^  published  the  results  of 
eight  cases  treated  'antisp|)ticany,' in  all  of  which  organisms 
were  found.  The  general  cmirse  of  the  wounds  so  treated,  as 
dcficribed  by  the  author,  and  the  fact  that  one  of  the  eight 
cases  died  of  pyi^raia,  show  that  whether  the  ciises  were  treated 
antisepiicaU If  or  no,  they  were  not  treated  iwepticaUy, 

Two  years  later  there  appemed  a  paper  by  Dr.  Fischer  t »f  Stras- 
burg,*  gi\*ing  the  result  of  investigsitions  carried  on  in  Professor 
Liicke's  wards.  He  employed  clieniiaal  tests,  es]ipcirdly  acetic 
acid  and  glycerine,  as  reconimcu<lt'd  by  Von  Recklinghausen, 
and  he  found  organisms  in  all  the  cases  examined,  He,  how- 
ever, stjites  that  bactena  were  nut  unfrequeiitiv  present,  his 
^e^'Ults'  dJtTering  in  thii^  resi>ect  from  tho.seuf  Dr.  Kanke.  Now, 
it  so  happens,  I  spent  the  summer  of  1876  in  Strasburg,  and 
thuH  had  frequent  ojnioH  unities  of  seeing  the  'aseptic  practice' 
in  that  hospital,  and  1  can  only  say  that  I  was  not  suii>rised 
when  I  heard  that  liacteria  had  been  found  in  the  wounds. 

The  last  pajK^r  on  thiy  subject  was  imLlished  by  Dr, 
Schiiller'^  in  the  spring  of   1877.      In  his  investigations  at- 

'  Arehirfiir  ExjirrimmttUe  Pathohiffir,  Bfl.  iii.  p.  316. 
'  Ihsut$t'he  Z<'it*i'hri/t  fur  CliiTurgit,  lid.  vii.  p.  63. 
>   C»mj/fri'/frm/Nit,  1874. 

*  DfuUekr  ^eittckrift/iir  Chirurgie^  Bd.  vi.  p.  320. 

•  Ihid.  Cd.  vil. 
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tempts  were  made  to  cultivate  organisms  from  woimds.  He 
fouud  that  in  many  cases  org;inisms  were  absent  both  from  the 
discharge  and  the  cultivating  liquid,  whilst  in  other  caseH  they 
were  present.  He  does  not  specify  what  the  nature  of  these 
orgiuiisma  was,  and  he  is  inclined  to  aiisociate  their  presence  in 
wounds  with  the  occurrence  of  tension,  &c.  There  are  various 
objections  to  his  results,  hut  these  I  need  not  stay  to  discuss. 

As  long  iigo  as  187(>  I  begau  a  series  of  investigations  on 
this  matter.  My  first  observations  were  of  the  same  nature  as 
those  made  by  Dr.  Fischer;  that  is  to  say,  I  not  only  examined 
the  discharges  microscopically,  but  I  also  treated  them  with 
acetic  acid  and  glycerine.  These  substances  are  recommended 
by  Professor  Recklinghausen  for  this  purpoHc,  the  glycerine  being 
sup]>osed  to  dissolve  the  fat  granules  and  the  acetic  acid  to 
render  the  protoj)laHm  invisible ;  thus,  only  nuclei  and  micro- 
organisms are  left.  On  treating  pus  in  this  way  I  found  that  a 
largo  ijuantity  of  granular  matter  remained,  and,  though  1  very 
soon  arrived  at  the  conclusion  that  bacteria — Le.  rod-shajied 
organisms— are  not  present  in  the  di^*harge  from  cases  treated 
aseptically,  I  could  not  say  whether  antong  the  granular 
matter  seen  there  were  or  were  not  micrococci,.  This  difficulty 
is  the  greater  as  there  ie  more  granular  matter  in  aseptic 
wounds  than  in  others. 

I  therefore  soon  commenced  a  series  of  cultivation  experi- 
ments. The  following  was  the  principle  on  which  I  acted  On 
introducing  a  particular  form  of  organism  into  a  t^uitable  j)abn- 
lum  with  precautions  against  the  entnmce  of  others,  this  form 
of  organism  will  grow  there.  This  being  the  case,  theoreti- 
cally one  would  only  require  to  ino<ruhit<;  some  suitable  pabulum 
with  various  discharges — on  the  one  hand  to  get  a  development 
of  organisms,  on  the  other  to  find  the  fluid  remain  free  from 
organisms,  and  unchanged.  Various  preliminary  experiments, 
which  I  need  not  detuil,  established  this,  P'or  the  present 
investigation  some  suitable  pabulum  must  be  taken,  sterilised, 
and  inoculated  under  proper  precautions  with  discharges  from 
wounds.  If  we  have  a  really  pure  jMbidiuu,  and  the  inocula- 
tion has  been  carried  out  in  such  a  way  as  to  prevent  the  en- 
trance of  any  extraneous  organisms,  the  inference,  where 
development  occurs,  would  naturally  be  that  orgiinisms  have 
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been  present  in  the  fluid  from  wliieh  the  imx-uLition  was  made. 
If,  on  the  other  hand,  the  same  inetho<l  ha*  been  employed, 
and  no  organisms  develop,  the  inference  would  be  that  no 
organisms  existed  in  the  fluid. 

I  first  used  milk,  hut  for  various  roai^ons  I  gave  it  up,  and 
tried  Pasteur's  and  O^hn'a  fluids,  and,  after  reading  SrhiillerV 
paper,  Bergmann*^ ;  but  I  found  those  artificial  solutions  too 
insensitive  to  be  of  any  value  for  my  puqjose.  I  then  used 
vegetable  infusions,  more  espei-ially  turnip,  and  ultimately 
infusion  of  cucumber,  which  last  seems  to  be  very  sensitive, 
I  also  em]>loyed  in  many  cases  an  infusion  f    meat. 

The  infusion  having  been  pre|KU*ed,  is  filtrrcd,  intmdriced 
by  syphon  into  Mr.  Lister's  dotible-necked  flasks,  boiled  for  ' 
twenty  minutes,  kept  for  some  days  (at  leai*t  two)  in  an  incu- 
bator, and  then  decanted  under  a  spray  of  carbolic  acid  into 
smaller  purified  flasks,  which  are  likewise  placed  in  an  incubator 
for  several  days  before  l.wing  used.  These  flasks  are  covered 
with  cotton  wool  caps  purified  by  heat  or  carbolic  acid,  or  they 
stand  on  a  glass  plate  and  are  covered  by  a  glass  cap  and  a  glass 
shade,  as  described  before  in  the  case  of  Air,  Lister's  liqueur 
glasses. 

For  the  ]>urpose  of  in(x;ulation,  small  capillary  tubes,  such 
as  those  used  for  vaccination,  were  employed.  Tliese  |M>88ess 
the  advantage  over  needles,  in  that,  while  they  take  up  a  larger 
quantity  ttf  the  discharge,  they  protect  it  from  the  carbctlic  acid 
of  the  sjiray  during  the  transit  from  tht-  wound  to  the  flask. 
The  tubes  are  dropi>ed  into  the  flask  containing  the  cucumber, 
and  this  is  tlien  plat-ed  in  an  incubator  kept  at  the  letupf  rature 
of  the  human  biKly.     (See  Kig.  72.) 

The  procedure  may  be  shortly  described  as  follows :  —The 
outer  portiim  of  the  dressing  having  been  removed  under  the 
carbolic  aeid  s[n-,iy,  a  tube  which  has  been  previouHly  purified 
ill  carbolic  lotion  is  heated  in  the  flame  of  a  sjiirit  lamp  in  the 
s])ray,  so  as  U>  drive  off  all  the  (-arbolic  lotion  and  to  render  it 
dry.  This  tube  is  now  rajiidly  introduced  into  the  drainage 
tube,  and  from  thence  immediately  into  the  flask  which  is 
o[>eTied  in  the  ^pl•ay  close  to  the  wound.  The  flask  is  tlien 
phuvd  in  an  incubator  kept  constantly  at  a  tenq>erature  of 
98**  Fahr.     In  the  case  where  flasks  with  cotton  caps  are  used 
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it  is  well  in  i>erfonning  an  experiment  to  wet  the  margin  of  the 
Clip  with  carbolic  lotion  before  lifting  it,  ao  as  to  prevent  any 
dust  from  falUug  from  the  cap  into  the  fluid.  Tliis  ia  a  very 
important  precaution. 

Having  ascertained  that  the  method  ])ropo8ed  wafi  perfectly 
trustworthy,  I  proceeded  to  the  investigation. 

In  i>erforming  the  exj>eriments  1  always  inoculated  two 
flasks,  and  often  another  was  tuken  and  the  whok-  process  gone 
through  in  the  same  j>lace,  with  this  difference,  that  the  tube 
in  the  latter  case,  when  heated,  was  put  directly  into  the  flask 
without  touching  the  wound.  These  latter 
fla.sks  remained,  without  exception,  cleaj*. 

When  development  occurs  iu  the  flasks 
inoculated  the  fluid  generally  becomes 
muddy  in  30  to  50  hours,  but  where  the 
fluids  remained  clear  I  have  kept  them  in 
the  inculiator  for  weeks,  and  then  tested 
them  by  the  addition  of  some  substance 
containing  bacteria. 

As  a  result,  I  hud  that  in  cases  treated 
aseptically,  where  of  course  there  was  an 
unbroken  skin  to  start  with,  one  of  two 
things  may  ha])|>en — either  the  fluid  re- 
mains perfecth/  clear^  without  thedevehnK 
meut  of  organisms,  showing  thnt  none  were 
present  in  the  wound;  or  the  fluid  becovies  turbid  from  the 
presence  in  it  of  organisms  **f  the  form  seen  in  Fig.  1,  Plate  I. 
In  l)oth  cases  the  wound  may  follow  an  Ui-eptie  course ;  i.f.  no 
local  or  constitutional  disturbuice  results  fr^-m  the  operation, 
and  from  the  ai»|>earance  of  the  wound  une  could  not  tell  in 
many  cases  wiiether  these  organisms  were  present  or  absent. 

From  Fig,  1  it  will  be  seen  that  these  organisms  are  minute 
spherical  bodies  arranged  in  pairs ;  in  triplets,  iu  which  case 
they  form  a  triangle  (a  very  imiwrtant  jwint  in  distinguishing 
them  from  other  forms);  in  groups  of  four  (jiositions  which 
bacteria  never  take  up) ;  also  iu  short  chains  and  groups  of 
larger  or  smaller  sixe.  In  fact  they  belong  to  the  group  of  the 
schizomycetes  tenn«id  micrococci, 

I  have  said  that  in  many  cases  one  could  not  tell  from  the 
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course  of  the  wound  whether  these  organisms  »re  present  or 
absent,  but  sometimes  their  presence  can  be  su.Hpected.  Those 
who  have  worked  long  at  aseptic  surgery  will  have  rnet  with 
cases  where  when  a  dressing  is  left  on  for  six  or  seven  days,  or 
when  adeep  dressing  is  left  for  some  weeks,  the  discharge  acquires 
a  soiu"  odour  and  the  skin  iiround  the  wound  becomes  somewhat 
excoriated.  As  the  wound  in  other  respects  follows  an  aseptic 
course,  Mr.  Lister  concluded  that  this  was  probably  a  chemical 
change  talcing  place  between  the  discharge  and  the  materials 
in  the  gauze  dressing.  Knowing  the  i>eculiar  i>roi>et1y  pos- 
sessed by  salicylic  acid  of  preventing  chemical  fermentations, 
Mr.  Lister  uses  it  in  such  cases  with  the  effect  of  diminishing 
or  preventing  this  change. 

In  these  eases  I  have  always  found  micrococci. 
If  micrococci  be  grown  in  a  small  quantity  (3  to  8  drachms) 
of  cucumber  fluid,  after  three  days  they  seem  to  die;  at  any 
rate,  they  will  not  grow  in  any  liquid.  But  yet  if  the  fluid  be 
kei>t  for  some  weeks  il  will  gradually  ht^come  red,  till  it  ulti- 
malely  is  of  a  dark  vermilion  tint.  Thus  chemical  changes 
continue  after  the  activity  (»f  the  organisui  has  ceased.  May 
not  something  of  the  same  kind  occur  in  these  cases  ?  Chemical 
changes  are  priuuirily  set  agoing  by  these  organisms,  but  con- 
tinue of  themselves,  and  thus  sitlicyHc  acid  acts  by  preventing 
these  changes,  as  Mr.  Lister  supjxtsed,  though,  according  to 
this  view,  the  org;inisms  are  necessary  for  I  heir  commencement. 
If  now  we  contrast  these  results  with  those  obtained  in 
w^ounds  not  treated  strictly  aseptieally  we  find  this  marked 
difference,  that  in  myiie  of  the  latter  were  ortjanmns  abaentj 
while  in  almost  all  bacteria  as  well  as  vilcrococci  were  present. 
It  is  to  be  observed  that  in  iiumy  of  the  cases  antiseptics  were 
employed,  b()th  in  the  external  dressings  and  injected  into  the 
wound,  but  no  precautions  were  taken  either  to  j>enetrate  to  all 
the  recesses  of  the  wound  with  the  antiseptic  so  injected,  or  to 
prevent  the  access  of  organisms  during  and  after  the  dressings. 
I  may  mention  that  in  four  cases  whieh  were  originally 
treated  asepticjilly  bacitria  were  found,  but  in  all  these  their 
presence  was  indicated  by  disagreeable  smell  or  by  symptoms 
of  local  or  constitutional  disturbance.  It  is  thus  evident  that 
bacteria  as  well  as  microcix?ci  can  flourish  under  on  antiseptic 
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dressing.  The  explanation  of  their  absence  must  therefore 
be  that  the  circumstances  which  permit  of  the  entrance  of 
micrococci  are  not  such  as  to  allow  the  advent  of  bacteria. 

It  was  thud  satisfact4>nly  established  that  there  was  a  very 
marked  difference  between  the  discharges  of  aseptic  wounds 
and  of  those  not  treated  aseptically.  From  the  former, 
organisms  were  generally  absent  till  about  the  end  of  the  case 
when  the  dressings  were  left  on  for  several  <lays.  in  the 
latt-er,  organisms  'ax& -presenty  even  within  the  firet  twenty-four 
hoiws.  Again,  in  the  former,  when  organisms  did  ajtpear  they 
constantly  belongwl  to  the  group  i»f  micrococci,  in  the  latter 
rod-shaped  orgiinisms  were  frequtntly  present  as  well,  and 
generally  iu  large  quantities  if  tliere  was  any  putridity  in  the 
wound. 

It  was  just  i>ossible  that  an  objection  could  be  brought 
against  these  results  to  the  effect  that  organisms  might  have 
been  present  in  the  discharge  of  aseptic  wounds,  but  that  they 
were  unable  to  develop  in  thft  fluid  uj^ed  for  cultivation.  To 
obviate  this  objection  as  far  as  possihk-  I  used  a  variety  of 
cultivating  fluids  and  got  the  same  results  with  all. 

During  the  spring  and  summer  of  1880  1  renewed  the  study 
of  this  subject  in  a  different  manner.  I  adopted  Koch's 
method  of  staining  bacteria  '  and  I  employed  it  in  all  Rfr, 
Lister's  cases  from  the  beginning  of  March  till  the  end  of  June 
(four  months),  and  my  results  confirm  in  every  respect  those 
which  I  had  got  by  the  method  of  cultivation. 

I  find  that,  in  the  first  few  days  aft^/r  an  aseptic  operation  no 

nisma  can  be  found  in  the  discharge,  and  that,  wlien  they 
ultimately  do  appear,  they  are  micrococci,  not  bacteria.  On  the 
other  hand,  after  operations  not  i»erfonntHlasej)tically  orgsinisms 
are  genemlly  present  from  the  first,  and  as  a  rule  these  consist  of 
bacteria  as  well  as  micrococci. 

Tlie  principle  of  this  method  of  staining  is  that  various 
aniline  dyes,  more  especially  methyl  violet,  fuchsiu  and  auUine 
brown,  stain  chiefly  the  nuclei  of  cells  and  bacteria  ;  though  these 
are  genendly  the  only  bodies  st;iined,  yet  in  some  cases,  especially 
if  the  staining  is  excessive,  other  albuminous  granular  matter 
may  also  become  coloured.    However,  even  where  such  is  the  case 
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the  organisms  can,  as  a  rule,  be  easily  recognised  by  their  form 
Rud  arrangement.     The  pus  or  other  fluid  to  be  examined  is  ^i 
spread  in  a  very  thin  layer  on  a  cover  glans  or  slide,  and  left  to  ^| 
itaelf  to  dry  or  dried  over  a  spirit  lamp.      In  the  case  of  albu-  ^\ 
miuous  fluids  it  is  well  U»  do  nothing  more  for  at  leawt  twenty- 
four  hours.    These  cover  glasses  may  be  kept  for  months  and 
then  ust*d,  for  no  orgiinisnis  can  grow  on  the  dried  materials. 

In  itrder  to  stain  the  specimens  a  few  drops  of  a  saturated 
solution  of  methyl  violet  or  of  fuchain  in  alcohol  are  added  to 
distilled  water  till  a  sutficient  depth  of  colour  is  obtained.  This 
can  only  be  determined  by  experience,  but  it  is  well  to  stop  be- 
fore any  precipitation  cau  be  detected.  (Dr.  Ogston  recom- 
mends a  watery  solution  of  methyl  violet  of  the  strength  of 
half  a  grain  to  the  ounce.)  A  drop  of  this  solution  is  allowed 
to  flow  over  the  cover  glass,  being  retained  in  contact  with  the 
material  to  In*  stained  foralioutone  minute.  It  is  then  ^^•ashed 
ofl'with  distilled  wat^irand  the  cover  glass  again  dried  as  before. 
When  quite  dry  it  is  mounted  in  Canada  hiilsam. 

\Vhen  aniline  brown  is  used  a  concentrated  solution  in 
glycerine  is  prepared,  Tliis  is  filtered,  and  one  part  of  the 
filtrate  is  added  to  an  eqmil  quantity  of  distilled  water  and  an 
equal  quantity  of  jmre  glycerine.  This  mittitre  is  now  filtered  and 
is  then  ready  for  use.  I  find  that  this  fluid,  while  it  does  excel- 
lently for  staining  organisms  in  such  fluids  as  cucumber,  turnip 
infusions,  &e,,  does  not  t^tain  them  well  in  pua.  I  find  it  l>e8t 
iu  the  latter  case  to  place  a  drop  of  the  stiiiniug  fluid  on  a  slide, 
then  lay  on  the  cover  glass,  the  material  to  be  stained  being  of' 
course  lowermost.  Leave  this  for  twenty-four  hoursand  then  suck 
out  the  staining  fluid  with  filter  [)aper,  introducing  in  itti  stead 
jmre  glycerine.  This  is  a  difficult  proc'css,  and  the  specimens  are 
frecjuentty  nut  quite  clean.  However,  if  one  examines  tlie  layer 
attached  to  tlie  cover  glass,  one  sees  what  was  in  the  material ; 
the  fragments  which  are  floating  free  may  consist  of  all  sorts  of 
del»ris.     The  spet'irniMi  is  then  sniTonnded  with  cement. 

The  results  of  these  methods  of  stainiug  are  very  beautiful. 
If  the  staining  is  not  too  intense,  only  the  nuclei  of  the  pus-cella 
and  any  organisms  which  are  present  are  stained,  and  the  latter 
can  K'  re«*ognised  witfi  the  greatest  readiness  with  a  suftieiently 
hiijh  power. 
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RESULTa   OF   TilKHE  INVESTWATIONS. 

So  much  for  the  method.  Plates  1.  to  IV.  illustrate  the 
rc9ultH. 

Let  us  take  first  some  specimens  from  wounds  which  have 
not  been  treated  aseptically.  Here  it  will  be  seen  that  there 
are  always  organismt^,  and  that  these  generally  consist  both  of 
bacteria  and  micrfKiocci,  though  sometimes  of  one  or  other  al6ne. 
Look  at  any  wound  not  treated  aseptically,  which  has  not  united 
by  first  intention,  and  which  hjis  been  somewhat  recently  made, 
d  you  will  get  thits  result. 
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Case  I. — Fig.  2  is  ji  spfwinien  of  the  di!^cbllrJ|;e  ttiken  fix)iu  ii  com- 
pound difllocattoD  of  the  thumb  a  few  days  after  the  acci<Ieiit.  Tbe 
wound  had  not  been  treated  asepticiilly^  and  it  bo*!  a  very  foul  smell. 
(Tlie  patient,  by  the  way,  died  of  tetauaK.)  Were  a  great  VHriety  of 
orgaiiisiiiH  will  be  found —l)acter la,  bacilli  of  various  kiuils,  and 
icrocuccL 

Case  ;2.— Fig.  3  is  a  specimen  of  discbarge  taken  froui  a  wound  of 
e  scrotum  in  wliich  a  small  slough  was  lying.  The  wound  wiis 
inged  out  daily  with  cai'l)oIii'  lotion  1-40,  and  drps.scd  with  liomcic 
tment.  The  discliarge  Imd  a  very  foul  smoll.  Here  there  are 
ultituded  of  nunute  b&cberla,  bacilli,  and  microoooci. 

CnM  3. — Fig.  4  waa  taken  from  a  ciu^c  in  the  out-patient  room, 
t  treated  a-^ptically.  Thore  was  not  much  discharge  and  no  putrid 
oilour  ;  rather  a  sligbtly  mncid  smell.  Ilei«  well-marked  bacilli 
can  be  seen.  DiM^barge  taken  on  two  occasions  presented  tlie  same 
appearance. 

Cttjw  4. — Fi^'.  5  was  taken  from  a  case  of  amputation  of  tlie  thigh 
which  had  been  done  two  days  previously,  »ud  bad  beini  treated  by 
irrigation,  though   I   must  hay,  for  the  (m;dit  of  irrigalitjn,  not  very 

ieutly.     Hei-e  there  was  a  .slight  smell.      Bticilli  lu-e  pre.'^ut. 

Com  5. —  Fig.  C  wiu^  taken  from  a  ciujo  of  excision  of  llie  hip-juint 
where  numorous  sinuKCs  existed  pi-evions  to  the  operation,  and  where, 
therefoi'e,  there  was  no  ho[>e  of  enulicating  putreftiction.  I  dt«Ksed 
this  cafio  myaeJf,  washing  out  all  the  sinuses  daily  with  1-40  carbolic 
acid  lotion,  and  ajjplying  Ixiracic  or  salicylic  acid  ointment,  and  out>- 
side  this  boracic  lint.  The  fljx?cimcn  figured  was  taken  more  than 
four  months  after  the  operation,  and  cuntjiins  numei-ous  liiu^lena  ; 
thi?*,  observe,  althougli  the  wound  had  been  treat***!  lissiduously  for 
months  with  antiseptics,  but  not  aseptically. 

At  the  end  of  Mai-ch  some  pieces  of  ilead  Injne  were  felt,  and 
tbeeie  wore  i-emoved  on  April  1st.  The  wound  and  sinuses  were 
thoronghly  washed  out  with  chloride  of  einc  and  dre&<4ed  as  before. 
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The  dis^hiir^,  taken  two  days  later  (ou  April  3rd),  had  a  putrid  odour,' 
aud  eoutaiiied  tiuiuerous  large  and  small  biicteria. 

On  the  following  day  (April  4th)  it  presented  the  Bame  appeaiam 
Sixteen  days  after  this  second  operation  (on  April  1 7th)  there  we 
still  numerous  bacteria  present 

Ctini;  6. — Take  again  a  case  of  Syme's  ampuUition  performed  on 
Mtu-ch  yth,  1^80,  for  disease  of  the  ankle-juint.     Scveml  sinuses  were 
included  in  the  fiaps.     Free  drainage  was  employed,  and  salicylic 
boracic  ointments  and  boracic  lint.     This  case  went  on  very  well ;  ♦ 
tliere  was  at  tirst  a  little  odour,  but  thi^  wiui  very  alight  and 
almost  entirely  disappeared.     The  dit^charge  got  less,  aud  the  wo 
came  to  look  somewhat  like  an  aseptic  wound. 

Fig.  7  (March  ir>tb,  from  drainage  tube)  shows  chiefly  strept 
in  pairs ;  no  typical   micrococci,  nor  the  colony  form  of  miurococot ' 
small  Imcteriii ;  a  few  long  ro'ls. 

On  March  17th  the  discliarge  taken  from  the  drainage  tulje  con- 
tained chiefly  oval  liacteria  ;  also  stivptococci  (i.e.  sphericil  bodies  i 
chains) ;  no  typical  micrococci ;  a  few  long  bacteria. 

On  April  1 2th  the  organisms  were  much  less  numerous,  there  be 
only  a  few  wtreptoctxici  and  bacteria. 

A])ril  1 4th,  very  few  organisms — .streptococci. 

April  16th,  mther  more  organisms  than  in  the  last — onlysti-epi 
cocci.     Thei-e  had  Iwen  a  little  retention  of  the  discharge. 

May  14th,  a  considerable  number  of  streptococci ;  also  a  few  o 
bacteria  ;  drainage  not  quite  pei-fect. 

Here  we  see  that  orgnui>tms  were  pi*esent,  but  so  lung  as  t 
discharge  flowed  freely  away,  they  did  not  develop.     "When  tensi 
occiinvd  they  grew.     The  wound  did  very  well,  and  forms  of  miei*o- 
oocci  were  the  chief  organisms  present. 

So  iniirb  for  examples  of  aises  not  treated  aseptically.  Tn 
ftll  cases  orgaui.sms  were  present,  and  these  were  alrnosit  always 
bacteria.  The  more  putrid  the  discharge,  the  more  numerous 
and  the  gmaller  were  the  bacteria  (Bacterium  termo?).  The 
better  the  progress  of  the  wound,  and  the  better  the  drainage, 
the  fewer  the  organisuiH  ;  but  nevertheless  there  "was  always 
rionie  form  of  organism  present,  and  had  I  inoculated  infusions 
from  them,  I  ehould  certainly,  according  to  my  former  exten-sive 
experience,  have  got  bacteria,  as  well  as  micrococci,  to  develop 
ill  all  eanes.  The  [significance  of  the  (liininutiim  in  number  of 
the  bacteria  in  the  last  case  i.s  a  point  which  I  Hhall  not  discuss 
here.     I  will  merely  state  that  in  some  wounds  folUnving  a 
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very  satisfactory  course  micrococci  only  can  he  found  by  this 
method  of  examination.' 

I,et  ua  now  look  at.  cases  treated  ase])tirally.  I  shall  only 
mention  a  few  instances,  but  I  may  state  that  I  have  examined, 
in  almost  all  cases,  specimens  of  discharge  taken  at  every  dress- 
ing with  the  same  results  as  are  illustrated  here. 

In  the  first  place,  I  will  give  two  cases  which  show  that  all 
forms  of  organisms  may  be  permanently  excluded  by  strict  aseii- 
tic  treatment. 

Crt*«  7. — Take  first  the  moat  ttssting  case  of  all — one  of  em- 
pyema. Here  at  ench  change  of  the  dressings  air  is  sucked  in  with 
every  inspinition,  but  when  the  dressing  b  done  with  iiaeptic  pre- 
cautions, this  ail*  has  been  acted  on  by  caj-bolic  acid.  We  shall 
t)}e]*efore  see  whether  the  spray  is  efficient  in  destroying  organisms. 

The  eaae  of  empyema  to  which  I  refer  was  one  of  oonaiderable 
standing,  and  was  opene<l  aseptically  on  March  7,  1880.  The  cavity  of 
pleura  was  not  washed  out,  and  during  the  whole  of  the  treatment  no 
cai'bolic  ncid  or  other  antisejitic  wns  applied  to  the  interior.  Hence 
if  organisms  got  in.  they  could  develop  just  as  fi-«ely  a»  in  a  flask. 
There  were  no  organisms  iu  the  pu£  when  evacuated.  The  dressing 
Was  chaiigeil  daily. 

Fig.  8  is  a  s{)ecimen  taken  on  March  1 5th,  eight  days  afler  the  chorax 
was  openetl.  ThiK  contains  no  or^niinismB  of  any  kind,  neither  bacteria 
nor  micrococci.     Hence  for  eight  days  the  spi-ay  had  been  efficient. 

Fig.  9  was  taken  on  April  13th,  i.e.  thirty-seven  days  after  the 
incision.  Si>ocimeua  examined  in  the  interval  were  fi-ee  fi*om  or- 
ganisms, and  here  it  will  be  seen  that  there  are  no  organisms  of  any 
kind.  This  result  is  the  more  convincing, as  for  some  days  there  liad 
been  a  difKculty  to  tiie  exit  of  the  tluid,  and  some  dischnrge  was  pent 
up  in  the  lower  part  of  the  thorax.  This  was  let  out  on  April  1 3,  and 
the  specimen  wa.s  toke^  from  this  fluid.  Now  my  invariable  experience 
has  been,  that  when  such  accumulation  occurs,  if  organisms  were 
present  before,  they  will  be  found  in  large  numbers  in  the  retained 
fluid ;  in  frtct  the}*  develop  just  as  freely  as  if  the  fluid  were  in  a  flask. 
A  M[>ccimen  taken  on  April  19th — i.e.  forty-tbi-ee  days  after  the  in- 
cision— was  also  free  from  organisms. 

This  case  seems  to  me  an  absolute  pixjof  of  the  efficacy  "f 


'  111  tb»H>caM»,  thou^fh  micrococci  alone  could  be  found,  yet  cultlvatiouux- 
pcrimenLu  would  in  all  proliability  liave  revealed  the  preeenoe  of  bacteria  ns 
well. 
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the  spray  in  destroying  the  activity  of  the  pirticles  in  the  air 
which  give  rise  to  oi^aisinn  and  fermentations;  for  here  the 
action  of  the  liWng  tissues,  to  be  afterwards  discussed,  could 
not  come  int^j  jiliiy — the  fluid  was  under  i\w  same  conditions  as 
if  it  had  been  in  a  flask  ]>Iaced  in  an  incubator.  The  conditions 
exactly  correspond  witli  my  spray  exjjeriments  (p,  26  et  seq,)* 

Case  8. — Take  next  a  case  of  inciMion  into  the  knee-joint  in  n 
case  of  gelatinous  degenerBtioii  of  the  synovial  meuibnine  twfore 
Hnpjuinition  had  occunvti.  Mr.  Lister  Una  found  that,  in  thev^e  cilsps, 
fi-ee  incisions  on  each  aide  of  the  piiU'lla,  and  the  insertion  of  a 
drainage  tnbo  into  the  joint,  often  brings  about  a  cure  without  BUp- 
duration  and  without  the  ntvo>»itY  for  further  operation.  It  was  so  in 
this  iuetnuco.  The  incision  into  t)ie  kneo  was  mode,  and  drainage 
tuWs  inserted,  on  Mny  lOlh. 

On  May  14th  no  onjanUitu  were  present  in  discharge  taken  from 
the  dminage  tube. 

On  May  16th.  same  result.  Fig.  10  is  a  specimen  taken  on  May 
20th  from  the  drainjige  tube  :  7»o  orfjnnism^, 

A  spetimen  was  also  taken  on  May  'JOth  from  a  phig  of  lymph 
in  a  small  chixmic  abscess  beside  the  knee,  o[>cned  on  May  12th,  and 
hei^e  alho  there  win'f  no  organisms. 

On  May  22ud  there  were  t>till  no  organisms. 

I  might  mention  u.  number  of  casen  to  show  that  where  the 
dressing  is  frequently  changed,  organisms  may  remain  absent 
for  a  long  tirne^  or  even  altogether.  Therefore  where  the 
dressing  is  changed  frfqurntly,  and  where  the  various  aseptic 
precautions  are  thoroughly  carried  out,  organisms  never  develop 
in  the  discharges. 

As  a  rule,  however,  the  dressing  is  not  changed  so  fre- 
quently, and  then,  though  orgauisms  iu-e  absent  at  the  com- 
mencempnt  of  the  case,  they  frequently  ajtpoar  towards  its 
ternii nation.  In  that  case,  however,  the  organisms  which 
ap|>ear  lieltuig  to  the  group  of  iniertwocci. 

The  following  cases  illustrate  this. 

Case  0. — I  will  take  iirwt  a  case  treated  strictly  asoptically,  and 
follf>wing  a  typical  *  ns^ptir  course.'  This  caae  illustrates  the  entrance 
of  mierticocci  iifler  some  days. 

The  patient,  a  young  man  »t.  26,  had  suffered  for  a  long  time 
from  a  soi-e  on  hi.s  Ic^',  which  had  now  become  epitheliomatous.     Tlie 
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pfttit^ut  was  \er\  ^eak.  Amputation  va«  ptiftniaed  throi^  t^ 
middle  of  the  thigh.  The  case  followed  a  typical  ooime.  Here  vas 
no  rinc  of  temperature.  The  patient  felt  at  onee  rdiarvvd  faj  tfe 
removal  of  the  disenae,  and  his  appetite  and  strength  In^an  to  impiow 
from  thn  lUy  of  the  opemtion.  The  wound  healed  by  fint  iulDutiUB, 
excojtt  where  the  drainage  tube  was.  When  this  was  naaawfA  Ae 
flinuR  liemme  fillt^  with  lymph,  and  this  becoming  i  —  iilai  mA, 
heikling  took  place  comp1et4?ly  without  the  oocurrenoe  of  giaaalaftkm. 
The  HinputAtion  wns  performeil  on  April  8th. 

Fig.  11  was  takpn  on  April  9th  (first  drening)  from  tbe  drainipt 
tu}>e.     Xo  orgnnUmJi,  but  there  is  a  good  deal  of  granolar  matter. 

Fig.  12,  taken  on  April  10th  from  the  <lTainage  tube  (aeoood 
dressing).  Xo  organianu.  Ijbor  granular  matter.  Modi  fes  dia* 
charge.     The  dressing  was  now  left  unchanged  for  two  days. 

Fi^.  1 3,  taken  on  April  1 2th  &om  the  drainage  tube.  Xo  org^mUms^ 

The  dressing  was  again  changed  on  April  I4th,  andoneortwobotfies 
were  then  seen  whieh  might  be  microoooci,  but  of  tbi^  I  coold  Boi  be 
certnin. 

Fig.  IK  taken  April  16th.  A  piece  of  lymph  was  clipped  away 
and  rubbed  over  the  surface  of  a  cover  glass.  There  vm  almost  do 
discharge.  Line  of  incision  soundly  healed.  The  piece  of  lymph  filled 
up  the  place  where  the  drainage  tube  was.  (The  drainage  tube 
removed  on  April  14th.)  Distinct  micrococci;  no  bacteria; 
no  leucocyteti — ihoMe  that  are  present  being  badly  formed.  The 
dressing  was  now  left  on  for  three  days,  and  in  a  s|»cinien  taken  oo 
April  19lh  tmni  the  little  bit  of  lymph  there  wan  nothtjvj  but  wdero- 
cocci.  No  bacteria  and  no  leucocytes.  The  dreh(>ing  was  now  left  on 
for  four  days. 

In  another  Hj)eci  men  taken  on  April  23rd,  a1i>o  from  tJie  lymph, 
whit^h  had  by  this  time  become  in  the  main  vasculaiised,  micrococci 
were  present  in  grrat  numbers.     No  bacteria. 

Here  we  see  the  typical  result  in  :t  case  where  the  ordinary 
rule  was  followed  of  not  changing  the  dressing  till  the  dis- 
charge comes  to  its  edge.  In  this  case  displacement  of  the 
dresising  was  the  cause  of  the  frequent  changing  of  the  dressing 
latt+rly.  For  six  or  eight  days  no  organisms  ap|)eared  in  the 
dischnrge.  When  they  did  appear  they  were  micrococ^. 
Biicteria  never  got  in.  Further,  the  micrococci,  though  lat- 
terly present  in  enormous  numbers,  never  caused  sufipturafion, 
nor  did  they  apijarently  interfere  witb  the  healing  of  the 
wotmd. 
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('oar.  10. — Coae  of  excision  of  the  main  ma  and  arillar}*  glands  ibr 
ttcirrliu^.  done  on  March  19th. 

Fiv;.  15,  iAken  from  the  drainage  tabe  on  March  20th,  oontiODed 
}W  (iTfjnnisifiS. 

A  specimen  taken  trom  the  dninage  tabe  on  3farcb  '2lBt  contained 

A  specimen  taken  from  the  drainage  tabe  on  BIaiv^  22nd  cuntained 
fttw  or  two  mieroeocd. 

These  micrococci  were  more  nnmeroiu  at  the  next  diOBKing  on 
Murch  2Bth.  and  they  wer^  present  in  large  namben  on  March  Slat 
Mnd  on  April  2nd  ;  no  baurtcria  haTing  appeared,  as  will  be  seen  in  the 
next  tipecimen. 

Fig.  16,  taken  on  April  4th,  when  the  wound  wan  almotit  completely 
healed.     Here  there  were  «»«n»fr«»w#  micrococci^  bat  no  bacteria. 

In  this  case  the  micrococci  got  in  earlier  than  we  bare  yet 
•een — viz.  on  tlic  third  iJajr  after  after  t  he  operation — but  never- 
theless bacteria  never  appeared,  and  the  wound  did  not  seem 
any  the  worse  for  the  preacpcc  of  the  micrococci. 

That  nucrococci  may  gel  in  even  earlier  than  this,  if  there 
is  but  little  overlafipin^  and  much  discharge,  is  evident  from  a 
ca«e  of  remmid  ofannaU  epithelioma  from  the  cheek,  where 
only  a  smaU  dreadng  was  applied,  which  was  left  on  for  two 
days.  The  discharge  obtained  on  the  secYmd  day — i.«.  at  the 
first  dressing — wat  found  to  be  full  of  micrococci.  The  edges  of 
the  woond  were  sol  broogfat  together,  bnt  it  became  tilled  with 
bloodndol,  and  b<^liug  oocorred  imdex  this  without  aiiy  suppur- 
ation at  all,  and  UKaw  apddly  than  I  have  ever  known  it  take 
place  in  sQch  a  wound,  and  yet  numerous  micrococci  were 
present  even  6vcn  the  finU 

Cnm  W  abo  illastrataB  thiA.  A  keloid  was  removed  from  the 
hade  of  a  anaaV  afck  on  March  2-4th.  A  small  dressing  was  applied, 
but  %ber«  wm  a  good  ifaal  of  discharge,  which  reached  the  edge  of  the 
iht—ing  a  fiw  ba«f*  atfUr  the  operation.  Specimen  1 7,  taken  at  the 
fint  ihsaaag  an  Uaceh  i5th,  shows  aftw  microctKcL 

A  sptcuMM  takaa  on  March  '2dth  ^tbird  dreesitig),  and  one  taken 
on  Mareb  3lai»  iboved  the  presence  of  micrococci  m  large  numbers, 
but  no  battwia  affcared  at  any  time 


And  now  1  come  to  two  cases  illustniting  very  important 
points  as  to  the  source  of  these  organisms.     In  these  cases  I 
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have  examined  the  discharge,  not  merely  in  the  drainage  tuhe, 
hut  at  some  distance  from  the  wound,  under  the  gauze  dreRRing, 
and  I  have  found  that,  though  there  might  be  no  organisms  iu 
the  wound,  yet  they  might  be  present  at  the  edge  of  the 
dressing,  and  that  micrococci  had  generally  advanced  nearer  to 
the  wound  tlian  liacteria. 

f%t*f!  12. — Excision  of  the  mamma  and  axillary  glandR,  done  ou 
March  27th. 

A  syieciiiion  taken  on  Mju'ch  2Hth  from  the  drainage  tuhe  (tinifc 
drcming)  contained  rw  orrfmnMrn^. 

Diwhargo  wa«  taken  on  Marcli  3 1st  (third  dressing)  from  the 
dresfting,  at  a  oonsid^rahlc  ili^tano'  from  the  iromt/f.  The  ditwdnp 
liad  not  been  changed  for  two  days,  and  the  discharge  ha^l  reached 
the  edgB  some  hours  Ijefore  the  vifiit.  This  »pticimen  contain^  both 
tttierocoeei  nn/l  hael**ria. 

A  specimen  of  t)ie  discharge  taken  at  the  same  time  from  the 
tfrninaf/f  /kV  cnntniufil  no  nrtjotiijuim,     (See  V\%,  IH,  Pinto  III.) 

Examinetl  again  on  April  2nd  (from drainage  tube, fourth  dmsaing). 

A'o  f^rrjnnijttnM  /(miitl. 

Dit<charge  taken  nu  April  4th  from  the  dr^Miruf,  at  some  distance 
from  the  wound,  contains  hactrrui  ami  micrococci.  (See  Fig.  19, 
Plut-?  HI.) 

Fifi.  20  is  from  a  specimen  of  the  diachflrge  taken  at  the  same 
time  fioin  the  dnanage  tutx",  and  ctintains  no  orf/fmUms. 

A  specimen  tiikou  from  the  sinus  on  April  r>th  contained  no 
org€mi3m0. 

A  specimen  taken  from  the  sinus  on  April  8th  contained  a  few 
mteroeocci.     Wound  almost  hetded. 

A  specimen  taken  iit  tiie  next  dressing  from  a  piece  of  lymph  over 
the  ori6cc  of  the  sinui^  showed  numerotis  micrococci. 

Here  we  see  that  on  March  31»t  organisms  had  penetrated 
for  a  little  distnnce  under  the  dresning,  but  had  not  yet  reached 
the  wound. 

The  same  was  found  on  April  4t,h  ;  bnt  on  April  Rth  a  few 
raicr<HHK?ci  had  got  in,  and  having  once  got  in  they  multiplied 
rapidly.  BacterUi  did  not  fjet  in.  There  wns  no  change  iu 
the  appeamnce  of  the  wound  to  show  that  anything  hurtful  bad 
entered. 

Ca4tf  13. — This  was  m  cam  of  disease  of  t'^ie  knee-joint  treated  like 
t'ase  7*  hut  here  there  was  necrosis  of  the  patella  before  opprating, 
and  extensive  diflense  of  the  hoDca.     As  no  iiuprovement  followed  the 
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incisions,  excision  wns  ]>erformed  on  Ajvril  2nd.  The  drainAge  tube  on 
the  inner  side  possetl  in  between  the  bones,  and  one  was  also  introduced 
into  a  hole  gou^^  in  the  bone  ;  that  on  the  onter  Ride  pnsaod  into  an 
abscess  cavity  in  the  soft  jxirts.     The  case  followed  Uie  typical  course. 

A  specimen  was  taken  on  April  2nd  from  some  curdy  material 
found  in  the  interior  of  the  joint.  (Tt  must  l>e  reinRml>ered  that  the 
interior  of  the  Joint  had  been  in  commnniaition  with  the  outer  world 
for  Rome  wi^ks  by  raeAns  of  a  drainage  tube,  but  tliere  had  never 
been  any  Htippm-ation  in  the  cavity  of  tJie  joint.)  A'o  anjanutniM  were 
found. 

A  specimen  taken  on  April  3rd  from  the  draitiofffi  tube  on  the 
inner  sido  contained  7W  or^anismn. 

Fig.  21,  taken  on  April  -ith  fi-om  the  ^auze  at  some  distance  from 
the  wound  on  the  inner  side.     Orir.  or  two  micrococci :  vo  hacteria. 

Fii?.  2*2,  taken  on  Api'il  r>th  from  the  i»»iifr  drninnfffi.  tnhf^  con- 
t-ained  vo  orffaniumg.  Contmst  this  with  Fig,  21,  taken  from  the 
gause  on  the  previous  day.  In  it  there  were  a  few  micrococci  at  Home 
distance  from  the  wound,  but,  as  we  see  from  Fig,  22,  they  did  not 
get  in. 

Fig.  33,  taken  on  April  8th  from  the  inner  droinn^f.  tube  con- 
tained a/«fl  micrococci.  Tliey  had  now  reached  tlie  inner  wound,  and 
in  later  ppe^imena  they  were  fo;tnd  in  larpe  numbers. 

Fig.  24  is  a  drawing  of  a  sporinion  taken  on  April  IMh  fi*om  the 
Oftter  drainnge  trtfi*^  leading  into  thn  ahsrrss  cavity.  This  contAined 
«n  ort/nnismSf  although  thpy  werri  present  on  tlie  inner  side  of  the 
knee  on  this  same  day  in  large  numbers.  Iliis  shows  that  the  organ- 
isms cotild  not  have  come  through  the  blood  or  developed  sjwn- 
tAneonsly  in  tlir  wound  ;  otherwise  they  ought  to  have  Ijeen  found 
in  thL>  oiit<^T  side  as  well  as  in  the  inner. 

From  these  results — and  these  are  only  a  samjde  of  wlmt  I 
have  got  by  this  method  of  investigation — and  from  my  former 
cultivation  results  (each  metliwl  very  imjwirtnnt  in  its  own 
way),  the  difference  which  I  have  been  led  to  establish  hetween 
wounds  treated  aseptieally  and  those  not  so  t rented  will  be 
evident. 

Wound»  treated  asepiically  are  either  free  frovi  organisma 
or,  if  the  latter  are  present,  they  are  atily  micrococci.  The 
othere  al/waye  contain  oi*gani^m^^  and^  in  the  great  viajority 
of  cases^  these  organisms  are  bacteria  as  well  as  micrococci, 

III.  If,  under  any  circumstiinces,  organisms  do  enter  wounds 
treated  asepticnlly,  whnl  arc  their  peculiarities  ? 
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The  facts  just  stated  under  the  second  heading  imply  that 
we  have  to  deal  in  woundR  with  two  grejit  groups  of  organisms — 
rod-shaped  organisms,  or  bacteria ;  and  spberical  organisms,  or 
microccicci. 

Some,  however,  assert  that  there  is  no  specific  difference 
between  micrococci  and  bacteria  ;  and  these  observers  wmilil 
say  that  the  micrococci  found  in  aseptic  woundn  are  Kiinply 
bacteria  altered  in  form  by  the  new  conditions  in  which  they 
are  placed.  Prof.  Billn)th,  indeed,  has  gone  bo  far  as  to  assert 
that  there  is  only  one  species,  coccos,  in  the  group  of  Schizo- 
mycetes  ;  that  this  may  under  varying  circumstances  assume  the 
form  of  bacterium  or  coccos,  these  two  being  transmutable  into 
eacli  other.  That  micrococcus  is  an  organism  distinct  from 
hjicterium,  is  denied  by  HalHer  and  doubted  by  Klebs,  while  it 
is  strongly  affirmed  by  Cohn,  Riuritk'iscU  and  others. 

I  am  now  thoroughly  satisiiwl  that  micrococci  are  really  a 
class  of  organisms  quite  distinct  from  bacteria.  I  have  observed 
them  and  worked  with  them  for  four  years,  and  I  have  never 
3-et  met  with  an  instance  in  which  a  micrococcus  has  I^ecome  a 
bacterium,  or  vice  versa. 

Before  considering  the  evidence  on  this  point,  I  may  define 
what  I  mean  by  micrococci.  Tliey  are  (following  Cohn) 
colourless  or  colonred  round  cells,  very  small,  generally  under 
one  micro-millimetre  in  size,  with  or  without  movement,  grow- 
ing in  pairs,  triplets  arranged  in  trianguhu"  form,  short  chains  or 
groups  of  smaller  or  larger  size,  not  derived  from  bacteria  nor 
developing  into  them.  Other  liring  sj^herical  bodies  may  he  found 
in  cultivating  fluids,  such  as  spores  of  fungi  or,  indeed,  of  some 
forms  of  bacteria,  as  pointed  out  by  Koch  *  and  Ewart^ ;  these, 
however,  when  fresli  nutriment  is  added,  develop  again  into 
fungi  on  the  one  hand,  and  into  bacteria  on  the  other.  The 
life  history  of  micrococcus  seems  only  to  consist  in  development 
from  ]Miir!*  to  short  chains  or  grou]»9  of  largt-r  or  smaller  size, 

it  his  cycle  being  repealed  on  the  addition  of  fresh  jiabtdum. 
1  need  not  here  enter  into  the  general  characteristics  of 
I  hose  organisms,  hut    I  may  mention  some  facts  which  tend   to 
shew  tiiat  they  are  distinct  from  Kicteria. 
'  B^triigr  sttr  Bitttttgie  tfrr  Pffanzritt  Brl,  ii.,  I87S. 
I                       '  }fiem»r*j*ical  Jauriiai^  vol.  xvUi 
' '^ , 
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Tiegel  '  hafl  pointed  out,  that,  if  a  fluid  rontnining  organisms 
be  made  strongly  alkaline  with  carbonate  of  eoda,  bacteria 
quickly  disappear  and  only  a  few  micrococci  remain,  which  also 
ultimately  vanish.  This  indicates  a  chemical  difference  between 
the  two  forms. 

A  similar  chemical  diflference  has  been  incidentally  referred 
to  hy  Koch '  viz.,  that  while  vilcrococci  are  stained  by  ha*ma- 
toxylin,  bacterm  are  not. 

I  have  found  that  micrococci,  when  acted  on  by  a  strongly 
peptic  solution  at  the  temjientture  of  the  hnmnn  t>ody,  remain 
unaffected,  in  contrast  to  ordinary  albuminous  gnmular  matter, 
which,  as  a  rule,  soon  disappears.  Many  forms  of  bacteinn^ 
similarly  treated,  become  aggregated  into  clumps,  or  may  for 
the  most  jmrt  disappear,  only  a  few  irregular  rods  and  granuh's 
remaining.  Here  again  a  chemical  difference  is  evident  between 
the  two  groups  of  organisms. 

Then  as  to  their  mode  of  growth.  I  have  mentioned  the 
triangular  arrangement  of  microeocei,  and  said  that  this  is 
typicfd  of  these  organisms.  This  is  supposed  hy  Cohn  to  be  due 
to  a  looseness  of  the  intercellular  substance,  allowing  the  cells 
to  become  dis]»laced.  Rut  then  this  arrangement  is  constant. 
and  Mr.  Lister^  has  by  direct  obscn'ation  made  out  that  it  is 
due  to  longitudinal  division  of  the  cells  (Fig.  25).  This  is  a 
method  of  division  which  never  occurs  in  bactmrt.  Here  again, 
then,  in  tlieir  mode  of  growth  we  have  a  marked  difference 
between  the  two. 

Micrococci  ]irefer  acid  fluids;  most  bacteria  prefer  alkaline 
or  neutral  fluids. 

Micnvoeci  grow  readily,  as  we  shall  presently  see,  in  fluids 
containing  proi)ortions  of  carbolic  acid  in  which  bacteria  only 
grow  with  difticidty. 

Then,  lastly,  direct  observation  has  failed  to  show  any  trans- 
formation of  one  into  the  nlher.  I  have  specimens  of  nfiicro- 
cocci  which  have  remained  in  cucumber  infnsion  for  ten  months, 
and  thpy  were  just  as  j>erfect  microcorci  at  the  cud  nf  thf*  t'.me 
as  at  the  beginning.     There  was  no  transformation  into  bacteria, 

'  Virohow's  Arr/tir.  Bd.  Ix. 

'  Tiaumalic  inPocUvc  di»ra.Hrs. 

'  7V«ffMWiiw«  o/fhr  Ito^al  Sicir(^  of  Edintntryh^  vol.  xxvli.  1875. 
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I  tigure  three  specimens  to  illustrate  the  same  point,  and  in 
the  note  on  the  next  page  I  give  a  table  of  the  aeries  uf  experi- 
ments. 

The  micrococci  were  obtained  from  a  case  of  acute  abscess 
in  the  groin.  When  this  abscess  was  oj>ened  some  of  the  pua 
wa8  introduced  into  flasks  containing  meat  and  cucumber  infu- 
sions, but  nothing  develoi)ed.  On  the  third  day  after  it  was 
opened,  the  dressing  having  been  left  on  for  two  days,  another 
flask  of  meat  infusion  was  inoculated,  and  in  this  micrococci 
develojHid.  From  this  flask  were  obtained  the  micrococci  in 
the  series  of  experiments  tabulated  below.  They  were  culti- 
vated for  several  weeks  in  a  variety  of  fluiiln,  but  always  remained 
micrococci  of  the  same  kind  and  with  the  same  effects  on  the 
various  fluids. 

Fig.  26  represents  the  discharge  from  the  wound  from 
which  the  micrococci  were  obtained,  and  is  seen  to  contain 
micrococci  alone. 

Fig.  27  is  a  drawing  of  a  8[»ecimen  taken  from  a  flask  of 
vitreous  humour,  the  third  in  the  series,  and  here  we  And  only 
micrococci. 

Fig  28  is  taken  quite  at  the  end  of  (he  series  (fritm  c  17, 
see  note),  after  the  organisms  have  grown  in  a  variety  uf  fluids 
(eighteen  in  all),  and  yet  here  we  have  only  micrococci,  and 
these  are  similar  in  api)earance  to  the  others.  There  was  here 
no  development  of  micrococci  into  anything  else.  (I  may  just 
call  attention  in  passing  to  the  proof  of  the  efficiency  of  the 
method  of  experinumtation  afl'orded  by  these  results,  and  also 
to  the  numerous  arguments  which  can  be  drawn  from  them  in 
favour  of  the  views  I  am  advocating.) 

Such  are  some  of  tht*  facts  which  seem  to  me  to  show 
that  micrococci  are  distinct  from  bacteria,  and  they  are  a 
guflicient  answer  to  the  question  as  to  whether  there  ia  any- 
thing si>ecial  about  the  organisms  found  in  wounds  treated 
aseptieally. 

H  in  oidy  one  well-tUJined  cIaiss  of  orfjanmim  which  etiter 
wounds  treated  aseptieally,  while  in  other  wounds  all  forrna 
•Wiuy  be  found. 

I  will  not  here  enter  on  the  question  of  the  effects  of  these 
micrococci  nor  will  I  stop  to  enquire  why  it  is  that  no  bad 
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Hajr  8tbf  atwceu  In  ffroiu,  dmsed  ftfter  two  days,  contains  microooocl. 

I 
Flask  of  ni«at,  A,  Inocnlated  on  Hay  3rd. 

I  Hay  eth 
m  3  (11) 


T  1  (M) 

I  Mtrintli 


Maj»th 

I 
am  1  ^nothing) 


mS(U) 

I 


(nothing) 


I  I 

e  S       c  4  (M) 
(uottiiiig)       I 

I  May  14th 
in5(M) 

I  May  ISth 
m6(M) 

Mav  I7Hi 


cS(M) 

I  May  Igth 

I 
m4(M) 


I 
(nothing) 


i  I 

c&(M)  o4 

1  (nothing) 

I  May  19tb 
ce(M) 

I  May  21st 
c7(M) 

I  May  24tb 
c8(M) 


MavSfl 


1 

e0(M) 

1 

CncuDibcr  (M) 


I 
(nothing) 


c8(M) 

May  ?8th 


I 
clO(M} 


I  May  3Ut 
cll  (M) 


ac 1 (M) 


I 
hyl(afewM) 


I 
(iii>tliiiig) 


.Tune  1st 


c  12  (Ml 


I  .lune  3ni 
I-  13  (M) 

I 

!  June  3th 
m  7  (M) 

I  June  7th 
cl7(M) 

Lost  from  having  allowed  four  days  to  elapse  before  inocnlating  again. 

Inthi«U8tm  =  meal  )  infusion. 

c  =  cucumber      J 
v™  vitreous  humour  of  sheep, 
e  =  f resii  epg. 
amBalkali:3ed  meat  infusion. 
hy  =  hydrocele  fluid  (very  concentrated). 
M  «  micrococci  present. 
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effects  result  from  their  presence-  I  shall  content  myself  just 
now  with  the  following  remai-ks. 

It  is  certAin  that  they  do  not  cause  |>  litre  fact  ion,  but  they 
always  cause  a  sort  of  sour,  sweaty  smell  iu  fluids — u  suiell  Nvhieh 
can  be  recognised  in  whatever  fluid  they  grow:  in  other  words, 
they  are  ikssociated  with  a  peculiar  fermentation.  Now,  the 
products  of  this  fermentation  are  but  little  irritating.  They 
have  no  acrid  taste,  nor  do  they  feel  ])ungent  when  applied  to  a 
cut  surface.  Hence,  probably,  it  is  that  we  find  that  wounds  in 
wliich  these  organisms  exist,  even  in  large  numbers,  appear 
often  uuafifected  by  their  presence. 

Nevertheless,  they  uuu  hardly,  under  auy  circumstances,  be 
inditi'erent,  and  1  think  I  have  observed  that,  in  some  cases, 
aft^.r  they  have  got  in,  the  wounds  do  not  beliave  quite  so 
typically  as  usual;  Le,  there  may  be  a  trace  of  suppuration,  or  a 
sinus  takes  longer  to  heal  than  one  had  any  reason  to  expect. 
Again,  if  they  get  into  a  wound  containing  a  j)iece  of  dead  bone — 
say,  not  yet  loose — they  will  grow  in  its  canals,  produce  their 
sour  products,  and  irritate  the  i)arts  iu  the  vicinity  ;  and  thus 
the  bone,  though  not  mechanically  irritating,  because  not  loose, 
nor  yet  chemically  irritating  if  it  is  quite  asej^tic,  does  become 
somewhat  irritating  and  loses  its  character  of  an  innocuous  dead 
piece  which  may  be  slowly  removed  by  absorption  by  the  neigh- 
bouring tissues,  and  becomes  a  foreign  body  which  must  be 
thrown  otf.  In  such  cases,  then,  it  would  be  of  great  importance 
to  exclude  these  micrococci  if  jjossible. 

An  instance  which,  I  believe,  illustrateH  this, occurred  recently 
in  Mr,  Lister's  practice.  We  know  that  formerly,  when  hempen 
ligatmes  were  used,  they  always  came  away.  If,  however,  they 
are  applied  aseptically,  they  reiniun  without  causing  suppura- 
tion, as  has  been  shown  in  Mr.  Lister's  cases.  The  wound  heals 
over  them,  and  they  may  indeed  ultimately  disap|>ear.  But 
here,  as  in  the  case  of  the  dead  bone,  a  necessary  condition  for 
obtaining  this  result  is,  that  the  ligatures  be  i>erfectly  unirri- 
tating.  In  the  case  I  refer  to,  Mr.  Lister  excised  the  ttiyroid 
gland  aseptically,  having  prenously  ligatiu"ed  the  vessels,  some- 
what after  Watson's  method,  with  strong  hempen  twine.  The 
wound  healed  entirely  by  first  intention,  except  where  the  drain 
was,  and  this  also  had  almost  healed  by  the  tenth  day.     For 
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iioiiie  days  previously,  however,  the  dressing  had  been  left 
uuchaaged,  aud  about  the  teuth  day  the  dincharge,  though  Htill 
reiiiaiuing  iu  the  main  serous,  increased  in  amount.  This  state 
t»r  inattera  continued  till  one  by  one  the  ligatures  caine  away. 
The  Ugatures,  when  examined,  were  found  to  have  a  distinctly 
sourish  *  micrococcal '  smell  and  an  acid  reaction,  and  under  the 
micro8coj.te  their  interstices  were  seen  to  be  filled  with  micrococci. 
Here  we  have  a  perfectly  aseptic  course  for  the  first  few  day» 
till  the  time  came  when  the  dressings  were  left  unchanged  for 
several  days — till,  iu  fact,  as  we  liave  seen,  luicrucocei  got  iu. 
When  these  orgimisins  appeared  they  grew  in  the  interstices  of 
the  thread,  produced  their  acrid  products, and  the  thread  was  no 
longer  a  substance  which  might  become  encapsuled  or  even  dis- 
a]>|Knir  by  ahgoqition,  but  it  became  an  irritating  foreign  body, 
whicli  had  to  Ik-  thrown  oft'  before  healing  could  occur. 

Iu  the  same  mauuer,  if  micri>cocci  entered  a  liealtby  joint 
where  we  have  a  cavity  containing  nutritious  fluid,  rather 
in  the  conditions  of  fluid  in  a  flask  than  in  a  oavity  in  the 
living  body,  I  would  hardly  regard  their  presence  with  satis- 
faction ;  for  I  should  fear  that  their  products  would  not  be 
altogether  neutral  to  the  sensitive  synovial  membrane,  and 
might,  at  the  very  least,  cause  increased  secretion  and  delay 
in  healing. 

These  facts  are  of  themselves  sufficient  to  indicate  the 
advisability  of  taking  all  ]»ossible  jirecautious  to  exclude  these 
organisms.  Dr.  Ogston  has  recently  assigned  much  more 
serious  consequences  to  them,  but  the  subject  is  ut  preseut  too 
debateable  to  be  suitable  for  discussion  here. 

IV.  Are  organisms  present  or  do  fermentations  occnrin  fluids 
or  tissues  in  the  living  body  which  have  never  been  ejjK>sed  to 
jitmoHpheric  dust  ?  If  they  do  so  occur,  how  is  their  presence 
to  be  explained  ? 

This  question  especially  deals  with  the  occurrence  or  not  of 
organisms  in  the  heaUhy  living  body.  I  need  not  enter  at 
length  intr>  this  question  ag.iiu  ;  I  have  twice  already  touched 
on  the  subject.  1  have  described  the  experiments  by  which  it 
has  l>een  shown  that  the  blootl,  urine,  and  milk  of  healthy 
living  lUUTiinls  eontain  no  organisms,  and  possess  no  inherent 
tendency  to  undergo  fermeutative  changes.     Then  I  narrated, 
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both  at  p.  4o  and  at  p.  196,  my  ex})eriuients  od  the  tissues  of 
healthy  liviug  animals.  I  ueed  not  dilate  further  ou  this  ques- 
tion, but  the  conclusions  to  which  we  were  forced  were,  that  the 
bloiKi  and  tissues  of  healthy  living  animals  do  not  contain 
organisms  or  their  spores,  and  have  no  inherent  tendency  to 
undergo  fermentation.  But  it  may  be  (ibjfctod  that  these 
orjtfans  were  removed  from  the  living  bixiy  and  iiljitMAl  iu  Hasks, 
and  tliat  the  conditions  were  not  the  same  as  if  these  tissues 
had  been  retained  in  relation  with  the  livin|^  b^idy.  8ueh  an 
objection  is  of  no  value,  because  any  difference  in  the  condi- 
tions is  in  favour  of  organisms  in  the  flask  exj^enmeuts,  for 
the  walls  of  the  flask  ai-e  neuti-al  to  their  develoimient, 
while  healthy  living  tissues  are  {X)werful  destroyerfl  of  liacteria. 
This  we  shall  see  presently.  In  the  meantime,  1  will  now 
bring  forward  a  piece  of  evidence  which  completely  sets  any 
sucli  objection  at  rest.  I  refer  to  what  is  known  as  the  'ex- 
perience du  bistcumage.' ' 

This  '  biHtaiiriuige'  consists  in  rupturing  the  s|)enniitic  cord 
subcutiineously  by  torsion.  The  testicle  is  thus  be|iarated  from 
it«  nutritious  vessels,  and  lie?  loose  in  its  tunics  which  protect 
it  from  the  access  of  the  air.  It  adheres  to  the  tunica  vagi- 
nalis, but  the  new  circulation  is  insufficient ;  the  testicle 
atrophies  and  disappears.  There  are  no  accidents,  because,  as 
we  have  previously  shown  and  shall  immediately  see»  the  air 
with  its  dust — i.r.  bacteria — does  not  get  access  to  the  dead 
|>art. 

M.  rhauveau  who  is  the  author  of  these  experiments,  and 
wjhose  name  is  sufficient  guarantee  for  their  scientific  accuracy, 
proved  this  in  the  following  way  : — If  the  hnrmlessness  of  the 
ojieratiou  dt^jw^nds  on  the  absence  of  the  putrefactive  organisms 
whi<h  would  be  carried  to  the  testicle  by  the  air,  then  these 
accidents  ought  l-o  occur  when  the  germs  are  carried  to  it  by 
the  blood.  Chauveau  accordingly  injected  organisTus  into  the 
vascular  system  of  rams.  After  the  fever,  sometimes  fatal, 
caused  by  this  injection  had  subsided,  he  perfortiied  the  oi>era- 
tion  of  •  bistoumage.*  Putrefaction  of  the  testicle  occurred  iu 
those  animals  which  had  been  inj[eeted  with  bacterial  liquid. 

'  See  JcaDDclV  book,  i>r  ClH/cction  PuruUntc,  from  wIiiL-h  ihe  facts  are 
laken. 
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Sevfral  objections  could  be  ur^etl  agaiusl  1  he  experiments, 
and  are  answered  h_y  Chauveau  : — ' 

*  1.  Nothing  proves  that  the  bacteria  in  the  fluid  injected 
were  the  active  agents.  But  the  experiment  repeated  after 
careful  filtnition  of  the  fluid  by  sjjefial  tiltei*s — Le.  after  removal 
of  bacteria  or  their  germs,  remained  without  eftect. 

*2.  Nothing  proves  that  it  was  not  the  infective  fever  itself 
which  caused  tlie  jiut refaction  of  the  organ.  But  of  two  rams 
injected  with  the  same  iluid  and  the  same  dose,  putrefaction 
unly  occuiTed  in  the  case  where  '  bistoiimage '  had  been  practised. 
Still  further,  if  in  the  same  animal '  bistoumage  '  is  pnictitjcd  on 
the  Itft  testicle  Iff  ore  injection^  and  on  iht  ri^jht  after  injection^ 
the  riffht  lesticle  is  the  only  one  which  putrefies:  a  jiroof, 
evident  and  very  ingeniout:,  tliat  it  is  indeed  the  j>euetratiou  of 
the  putrefactive  germs  into  the  organ  which  determines  putre- 
faction ;  since  the  tefiticle  which  was  sei)aratetl  from  the  general 
circuJutiou  before  the  injection  remained  indifferent,  and  did 
not  undergo  putrefaction,  in  sjute  of  the  infection  of  the  whole 
body; 

I  have  also  referred  to  sevenil  similar  well-known  fact€  at 
p.  50  et  set/,,  and  Dr.  Ogston  has  tested  such  fluids  as  extruvasa- 
tioni*  of  blood,  hfr'mntoma,  contents  of  pathological  cysts,  the 
fluids  of  the  natural  cavities  of  the  Ixidy,  &c.,  by  means  of 
Koch's  method  of  staining,  and  he  has  failed  to  iind  any 
organisms.     I  have  also  refeired  to  Meissner's  recent  facts. 

From  all  these  considerations  we  may,  I  think, conclude  that 
organisms  are  not  present  in  the  fluids  or  tissues  of  the  henlthy 
living  body. 

Are  organisms  present  in  the  bixly  in  states  of  disease?  (I 
leave  out  of  account  here  the  infective  diseases.)  If  so,  how  is 
their  presence  to  be  ex]>laiued  ? 

If  we  investig*ate  animals  suffering  from  disease,  we  shall 
find  that  in  certain  ciisea  organisms  are  present.  What  these 
exact  conditions  are  I  am  not  yet  able  to  say,  but  I  will  indicate 
some  of  the  cases. 

I  have  found  that  if  an  acute  inflammatory  process  be  in- 
duceti  in  an  animal— say  by  the   injection  of  ammonia — siib- 
.cutaueously,  as  pointed  out  some  years  ago   by  Dr.  Burdon- 
'  Quoted  from  Jeannul. 
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therefore  killed.  A  cousiderable  quantity  of  pus  was  found  at 
the  seat  of  iujeetion.  On  exanunation  of  this  \ava  I  found 
numerous  pus  cells,  but  I  have  not  been  able  to  satisfy  myself 
that  there  are  any  micrococci,  A  very  few  bacilli  were  pre- 
sent. 

Experiment  3,  April  20th,  1881. — 2  minims  of  the  croton 
oil  mixture  used  in  Ex]jeriment  2  were  injected  into  the  dorsal 
muscles  of  a  large  rabbit,  with  tlie  usual  precautions. 

On  April  2oth,  though  the  animal  was  i>erfectly  well,  I 
killed  it.  On  examining  thf  seat  of  injection  I  foimd  (►ne  or  two 
very  small  cheeky  .spots  (small  abscesses).  These  consisted  of 
pus  cells  and  granular  matter,  but  1  have  not  been  able  to  detect 
organisuis  of  any  kind. 

In  each  of  the  experiments  the  pus  was  stained  with 
methyl  violet,  according  to  Koch's  plan^  and  examined  with 
Zois's  ^^rth  oil  or  -j'yth  water  immersion  objectives. 

Again,  I  tind  that  if  the  nutrition  of  an  animal  be  pro- 
foundly interfered  with,  as  in  slow  poisoning  by  phos^phorus, 
organisms  may  after  some  time  be  found  in  Ihe  bkMHl  nnd 
tissues.  Here,  it  may  be  said,  iufiiunniation  of  the  intestinal 
tract  has  been  caused,  and  the  epithelial  barrier  against  the 
entrance  of  organisms  has  been  removed.  But  the  blood  and 
tisa^tes^  when  in  a  hmlthy  state,  have  the  power  of  theviaelves 
of  detftvotfing  orgaiiiains  when  these  are  introduced  into  the 
body.  Thus,  if  into  the  veins  of  four  medium-sized  rabbits  I 
introduce  ^,  i,  J,  and  1  c.cm,  respectively,  of  tluid  containing 
bacteria,  keep  the  animals  alive  for  at  least  twenty- four  hours, 
then  kill  them  and  jiieserve  their  orgims  in  the  manner  described, 
1  shall  probably  find  no  organisms  in  thefirst  three,  while  iu  the 
last  they  may  or  may  not  bo  present.  Where  larger  quantities 
of  the  fluid  have  been  intrixJueed,  they  will  certainly  be  found. 
Thus,  even  thtmgh  the  organisms  could  gain  siccess  to  the 
blood,  yet  so  long  as  the  nutrition  of  the  animal  is  fairly  well 
carritMi  out,  they  would  L>e  destroyed.'  The  reason  that  they 
are  fmnid  where  large  quantities  of  bacterial  fluid  are  injected 
seems  to  mc  to  be  that,  along  with  the  bacteria,  their  products 

'  SlmiUr  fat'l»  bave  IxMin  ooiMle  out  by  Tniube  and  Osclieidlen.  See  a 
paper  by  these  authors,  '  Ueber  Faulniss  und  den  Widersiaud  der  lebeiidcn 
UrganLsmen  gegea  dicselbe/  JIctUh,  Klin,  WoekrHschri/t ,  No.  37. 
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abscesses.  In  iicute  abscesses,  however,  he  ntates  that  these 
organisms  are  always  present.  Tins  fact,  obtained  by  staining 
the  pus,  differs,  as  will  be  seen,  from  my  cultivation  results,  and 
agrees  more  with  Billrotb's  results  from  simple  microscopiciil 
examination. 

Since  this  statement  was  made  I  have  examined  a  number 
of  abscesses  by  staining  the  j)UR  obtained  when  they  were 
opened,  and  T  now  quite  iigree  with  Dr,  (Jgston,  Organisms 
are  always  absent  from  chronic  abscesses.  Micrococci  are 
always  present  in  acute  abscesses. 

Kig.  29  (Plate  IV.)  is  a  specimen  taken  from  a  chronic 
abscess  over  the  sternum.     It  contains  no  organisms. 

P'igs.  ?>i)  and  31  arc  taken  l"n«u  acut<3  abscesses-  one  of  the 
mamma,  and  the  other  of  the  finger.     These  contain  micrococci. 

In  one  case  of  abscess  in  the  neck,  which  had  been  forming 
for  alxjut  three  weeks,  I  could  find  no  organisms.  The  skin  was 
red  over  it,  and  I  have  entered  it  in  my  notes  as  an  acute 
abscess.  In  another  case,  which  I  I»ave  also  in  my  notes  as  an 
acute  abscess,  no  organisms  were  found.  This  was  a  case  of 
small  abscess  in  the  thigh,  in  a  situation  where  diseased  hone 
had  formerly  existed.  The  patient  positively  asserted  that  the 
ahs^ess  had  only  been  forming  for  fourteen  days,  btit  it  is  of 
course  quite  possible  that  It  hiui  existed  longer,  and  had  only 
begun  to  point  for  fourteen  days.  Xeverthelesa  the  man's 
positive  assertion — for  I  cjuestioned  him  again  after  I  saw  that 
no  orgjinisms  were  present — the  redness  of  the  skin,  the  well- 
formed  pus  cells,  and  the  absence  of  fatty  debris  make  it 
difficult  to  assert  that  this  was  a  chronic  abscess. 

Notwithstanding  thiise  two  doubtful  cases,  I  am  ready  to 
acce])t  Ogston*8  statement  and  to  receive  it  as  a  law,  that  if 
the  pus  taken  from  an  acute  abscess  when  opened  be  examined 
after  staining,  micrococci  will  always  be  found. 

How,  then,  are  my  former  results  to  be  exphilned?  Hy 
cultivation,  irom  thu-ty-two  cases  of  acute  abscesses  I  only  got 
micrococci  in  seven  insfances,  and  yet  we  now  know  that  had  I 
stained  the  pus  I  should  in  all  probability  have  found  micrococci 
in  all. 

AWll,  in  my  recent  investigation  I  not  only  .stained  the  pus, 
l)ut  tried  (.ultivation   experiments,  and   I   got  much   the   sime 
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chains  and  sometimes  in  groups,  but  oftener  the  cx|K*riraents 
were  unsatisfactory,  and  it  indeed  happened  that  the  micrococci 
which  were  introduced  died  altog-ether.'  \nw  had  Ognlon  juit 
these  two  fjicta  together,  and  had  he  worked  for  long  with 
cultivation,  he  would,  I  venture  to  think,  conclude  as  T  do,  thai 
the  micnx^occi  whifh  am  found  in  ahscesses,  hut  which  will  not 
develop  in  the  cultivating  ^uiil^  mr  already  dead  in  the  abscettn 
and  do  not  die  only  on  removal  from  it. 

The  following  fact  may  be  mentioned  as  bearing  out  this 
view  : — 

Vig.  32  (Plate  IV.)  was  taken  from  a  case  of  acute  abscess 
in  the  gi'oin,  which  was  <)}>ened  on  April  29th,  A  number  of 
streptococci  will  be  seen.  Nevertheless,  a  flask  of  meat  and 
one  of  cucumber  inoculated  at  the  same  time  remained  quite 
barren.  A  sjiecimcn  was  tjiken  from  the  same  ca^e  at  the  next 
dressing,  April  30th.  There  was  plenty  of  discharge  in  the 
drainage  tube,  hut  this  contained  almost  no  organisms.  Had 
the  organisms  been  alive  on  the  29th,  they  would  probably 
have  been  as  numerous,  if  not  more  so,  in  the  interior  of  the 
dniimige  tube  on  the  30th. 

So  fur,  then,  I  conclude,  that  though  micrococci  are  always 
present  in  acute  abscesses,  yet  if  the  abscesses  be  not  opened  for 
some  time,  these  organisms  will  be  found  to  have  died.  I  shall 
not  enter  here  into  the  question  of  the  relation  between 
these  organisms  and  the  abscesses  in  which  they  are  found. 
The  facts  are  sufficient  for  my  j^resent  pur|»ope. 

It  thus  seems,  that  in  certain  states  of  low  vitality  and  in 
acute  inflammations,  organisms  may  be  present  in  the  blood 
and  tissues  of  animals.  These  organisms  are  generally  micro- 
cocci. 

V.  How  do  organisms  get  into  wounds  treated  aseptically? 
There  are  three  possible  explanations  which  might  he  otTered  : — 
I.  They  come  from  the  blood,  2.  They  arise  sj>ontaneously  in 
the  wound.  3.  They  come  from  without  through  some  insuffi- 
ciency in  the  aseptic  method. 

1.  They  come  fn>m  the  Mo*>d.  Wc  have  already  seen  that 
organisms  an*  not  present  in  the  blood  or  tissues  of  the  healthy 
living  animal,  but  I  hat  they  may  occur  in  low  or  inflammatory 
states.     But  a  jverson  on  whom  an  operation  has  been  peiformed 
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i^Wzif-il  to  draw  moving  bacteria  with  the  aid  of  the  camera 
lacida,- 

That  the  iiprav  is  sufficient  has  alreaiiv  been  shown  by  a 
nunir>*-r  of  eij»eriment*  described  at  p.  26  tt  seq,  (see  also  the 
<3i.-t:  of  empy»-ma,  p.  237 ;, 

An  at r<"iript  ha?  been  lately  made  bv  Dr.  Lewis  Stimson  *  to 
T-how  th;it  the  spray  does  not  act  as  a  germicide,  and  as  his 
r*--ults  have  been  extensively  quoted,  I  must  briefly  notice 
th^-m  here.  Thr»,'e  tubes  were  filled  with  tuine,  boiled,  and 
allowed  to  cfK>l  in  the  spray  and  then  exj»osed  in  it  for  an  hoar 
and  a  half,  the  flof»r  N/ing  swept  to  raise  the  dust.  The  tubes 
were  then  closed  with  plugs  of  cotton-woc»l  wet  with  alcohol. 
Particles  of  dust  were  seen  to  be  caught  on  the  edge  of  the 
tulw,  and  a  purified  glass  rod  was  used  to  push  them  into  the 
fluid.  In  one  tube  in  which  this  was  done  bacteria  developed- 
In  another  case  the  tube  was  tilted  so  a?  to  bring  the  fluid  in 
contact  with  the  neck,  and  here  also  development  occurred. 
The  third  tube  was  undisturbed  and  remained  pure.  In 
another  set  of  ex|)eriments  wide-mouthed  beakers  were  used, 
anfl  were  exjiosed  for  three-quarters  of  an  hour.  In  all  of 
these  organisms  develoiwd.  Test  exj>eriments  showed  that 
these  organisms  had  entered  during  the  exi»osure. 

These  exj»eriments  do  not,  however,  seem  to  be  satis^ictoiy. 
We  are  told  in  the  first  case  that  the  s]»ray  was  placed  a  foot 
aUtvc  and  3^  feet  distant  from  the  tul)es,  and  that  fifteen 
oiuu-it;  of  carbolic  ]oti(tn,  1-20,  were  used.  During  half  the 
tiiiM"  a  Kiard  was  placed  Mt  as  to  throw  the  s])ray  kiek  over  the 
flask>.  Now  if  the  flasks  were  o\\\\  brntfath  tlie  spray,  a  foot 
(listanl  from  it,  during  half  the  ])eriod  of  exi>osure — the  result 
(■annot  In*  wondered  at,  for  eddies  would  be  pnKluced  bv  tlie 
spray  which  would  drive  unpurified  dust  into  the  vessels.  If, 
however,  the  spniy  passed  directly  over  the  mouths  of  the  flasks 
— if  these  were  enveltjped  by  it — it  is  difficult  to  conceive  that 
the  spniy  could  have  i»layed  for  so  long  at   such  a  close  dis- 

'  Iir.  K<»cli  has  foun'l  t!iat  the  nporex  of  Itaoillns  Antliracis  ran  resist  1-20 
\v!it<;ry  sulution  nf  carlM^lic  acM  for  a  considerable  time,  though  tlie  fully  do- 
\clf>i)<'l  ('r^'iltlism8  am  at  once  i!rstroyo<l  by  it.  Micrococci ,  Iiowcver,  are  very 
-u-(-.r|>tilil(:  to  thr  actitin  of  \\\\->  antiseptic. 

-  S!i..\vri  t'.  llir  Ni-w  Yt.rk  Sur^nc;il  Society,  XovemlK.T  2").  IS70. 
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As  I  have  alreaiiy  shown,  it  ia  gonerally  at  a  la<^  porinti  in 
the  treatment  of  a  case  that  these  organisnis  appear;  generally 
where  the  dressings  have  heen  left  on  for  several  days ;  or 
where  the  discharge  has  reached  the  edge  some  hours  before 
changing  it  ;  or,  if  th»»y  occur  early,  it  i-s  when  the  discharge 
which  has  come  through  has  been  considerable,  although  the 
dressing  has  been  changed  early;  and  thus  I  have  been  ahle  in 
some  eases  to  prevent  the  entrance  of  thi^se  organiwrns  by 
changing  the  dressings  daily,  and,  conversely,  they  are  easily 
enough  obtained  in  any  given  case  simply  by  dressing  it  less 
frequently.  This  will  be  readily  seen  from  the  cases  quoted 
before. 

If  !»uch  a  fluid  as  milk  be  tested  witli  the  view  of  deter- 
mining the  amount  of  carbolic  acid  wliic.h  must  be  added  in 
order  to  prevent  the  development  of  organismn^  it  will  be  found 
that  a  large  quantity  is  necessary.  Thus,  they  rea<lily  develop 
in  a  proportion  of  carbolic  acid  and  milk,  1-fiO,  and  I  have 
grown  them  in  as  large  a  proportion  as  1-54.  On  examining 
the  milk  while  the  cnrlxjlic  acid  is  being  added,  a  grauular  pre- 
cipitate will  be  seen  to  take  place.  In  the  same  way,  if  car- 
bolic acid  is  added  to  serum  or  white  of  egg,  a  white  precipitate 
occurs,  and  here  also  a  large  prnptortiriu  of  carbolic  acid  is 
neces-sary  to  paevent  development.  In  artififiid  cultivating 
liquids — such  as  Pasteur's  fluid — no  precipitate  takes  place,  and 
a  much  smitlk'r  ijuanlity  of  cfirWic  acid  is  requireil  to  lun<ler 
the  growth  of  organisms.  In  other  words,  where  carbolic  acid 
is  added  to  an  albuminous  fluid,  a  compound  is  formed  which  is 
but  little  antiseptic.  So  in  the  case  of  the  antiseptic  dressings, 
where  there  is  profuse  discharge — though  the  first  which  comes 
through  may  not  be  putrescible,  yet  very  uoon  the  carbolic  acid 
is  not  ]»resent  in  sufficient  quantity  to  prevent  tlie  development 
of  org:xnisms ;  and,  as  carlxtlic  acid  is  veiT  volatile,  when  a 
dressing  is  left  on  for  seveml  days,  a  considerable  amoimt  of 
carbolic  acid  will  have  also  e8caj>ed  by  ev:t]ioni1inTu;nui  thus  the 
meaning  of  the  following  rules  of  treatment^  derived  Irom  ex- 
perience, becomes  evident :  *  A  dressing  must  not  l>e  too  small,* 
*The  dressing  must  not  be  left  on  longer  than  twenty-four  hours 
after  the  discliarge has  ap]ieared  at  the  edge.'  *  In  no  case  is  it 
safe  to  leave  a  dressing  unchanged  for  more  than  eight  days.' 
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Ir  i-  <ha«  apjiar^nt  that  though  bacteria  and  micTocnec  can 
^piw  in  fluids  coDtaiuiug  like  amounts  of  carbolic  acid,  vet  the 
Uiu:TtHfn:i:\  find  these  liquid.*  more  miitable  for  their  growth 
than  do  hoc'teria ;  indeed,  they  mar  grow  more  rapidlv  in  them 
than  in  fluidi*  containing  no  carbolic  acid  at  alU  and  therefore, 
when  hacteri'i  and  micnKOcti  fall  together  into  dijtcharge  con- 
taining^ carbolic  acid,  the  latter  develop  with  much  greater 
rapidity  tlian  the  former,  and  may  thus  reach  the  wound  long 
l^rfore  them.  If,  however,  sufficient  time  be  allowed  to  elapse 
l>efi>re  the  changing  of  the  dressing,  bacteria  also  may  enter  the 
wound. 

r>ne  ot her  obsen'ation  completes  this  subject.  The  largest 
pr»j>jrtion  of  carbolic  acid  in  eucimiber  infusion  in  which 
organisms  develop  is  from  1-450  to  1-500.  In  one  of  the 
last  experiments  i>erfonned  with  the  view  of  seeing  whether 
micrococci  could  grow  in  a  larger  proportion  of  carbolic  acid 
tlian  that  sufficient  to  prevent  the  development  of  bacteria,  I 
useil  micrococci  which  were  growing  in  a  fluid  in  which  a  small 
<]iLintity  of  carbolic  acid  was  already  present.  This  was  done 
on  April  14th.  On  examining  the  flasks  on  April  15th,  I  found 
one  containing  carbolic  acid  in  the  proportion  of  1-400  quite 
opaque  from  the  development  in  it  of  micrococci,  while  those  in 
which  a  larger  projjortion  of  carbolic  acid  was  present  remained 
chiar.  On  the  same  day  I  inoculated  from  flask  1-400  a  new 
scries  containing  carbolic  acid  in  the  following  proportions : 
('  1-400,  C  1-350,  C  1-300,  C  1-250.  On  April  IGth,  C  1-350 
anil  (-  I  -400  were  quite  muddy  from  the  presence  of  microc^oeci ; 
while  (;  1-300  and  C  1-250  were  clear.  That  afternoon,  afresh 
scries,  C  1-350,  C  1-300,  ("  1-250,  C  1-200,  was  inoculated 
from  V.  1-350.  On  April  17th,  C  1-300  and  C  1-350  were 
imiddy.  Here  the  limit  seems  to  have  been  reached.  For 
though  I  have  obtained  slight  development  in  carbolic  acid 
and  cucumber  1-275  and  1-250,  this  is  not  vigorous.  As  the 
iiiicnKJocci  grow  in  larger  proportions  of  carbolic  acid,  they 
l)e<'oTn(»  much  larger,  and  the  grouping  and  mode  of  growth 
described  by  Mr.  Lister  are  more  evident. 

The  facts  then  seem  to  be  that  the  discharge,  when  profuse, 
or  wh*m  it  arrives  at  the  edge  of  a  dressing  which  has  been  left 
on  ft»r  some  <lays,  does  not  contain  sufficient  carbolic  acid  to 
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formerly  alluded  to ;  and  it  is  also  possible  that  tbej  may  enter 
from  fault  in  the  aseptic  precautions,  though  I  think  this  must 
be  exceedingly  rare.  For  it  is  difficult  to  imagine  that  in  the 
latter  case  only  micrococci  would  get  in ;  indeed,  in  faulty  ex- 
periments with  cultivating  fluids,  it  is  almost  invariably  some 
form  of  rod-shaped  organism  which  appears. 
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Huids  or  lissuea  may  remain  nnfermented  iu  closed  cavitiea 
the  body,  and  may  even  entirely  disappear,  but  that  as  soon 
atmospheric  air  with  its  dust  is  admitted,  organisms  develop, 
and  fermentiitions  occur.  We  are  now  therefore  able  to  take  a^_ 
much  wider  view  of  the  meauing  of  the  term  '  Antiseptic  Sup^| 
gery  *  than  is  generally  done.  It  is  no  longer  surgery  which 
only  exclttdets  the  caus<;s  of  putrt^faction  ;  we  njiiy  now  include^^ 
under  the  tenn  all  those  methods  of  wound  ti*eatvient  vni^t 
7rkkh,  wiUingh/  or  ofJiei*ivi9€y  the  tp'owth  and  fenneniailve 
action  of  the  lotuer  forms  of  organisnis  {bacteria)  are  more  or, 
les9  impeded, 

\Mien  we  come  to  look  at  the  numerous  methods  of  wouni 
treatment  from  this  point  of  view,  we  shall  see  that  there  ii 
j>erhap8  none  at  present  employed,  with  the  exception  of  the 
poultice  dressing  so  much  lauded  by  Mr.  Savory,  which  does 
not  in  some  way  or  other,  however  imperfectly,  interfere  with 
the  growth  and  fermentative  action  of  bacteria,  and  which  does 
not  owe  its  chief  \'irtue8  to  that  catise. 

I  shall  not  enter  into  details  on  all  these  methods,  for  their 
number  is  legion,  but  I   shall  discuss  the  modes  in  which  this 
interference   with   bacteric    action  may  be   c:uTied   out  under 
several    headings,   and  indicate    briefly    the    principles    which., 
ought  to  guide   the   surgeon   in   carrying  out  one  or  oth( 
methrHl. 

The  antiseptic  methods  which  merely  interfere  with  the^ 
development  and  fermentative  action  of  organisms  on  the  fluids 
and  tissues  in  wounds,  and  which  do  not  aim  at  their  total  ex- 
clusion, may  act  on  various  principles. 

1.  By  the  addition  of  various  antiseptics  to  the  discharge, 
either  in  the  wound,  or  after  it  flows  out,  this  discharge  may  be 
rendered  an  unfit  soil  for  the  development  of  organisms. —  Use-. 
of  antiseptics, 

2.  The  discharge  may  be  allowed  to  flow  away  so  rapidly 
not  to  have  time  to  undergo  fermentation  to  any  extent  in  th< 
wound  itself. — Free  drainage, 

3.  This  removal  of  the   discharge  may  be  facilitated  by 
washing  it  away   constantly  with  wafer  alone,  or  with   watcr^ 
containing  antiseptics. — Treatment  by  irrlgatiov  or  by 
batL 
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milk,  carbolic  acid  in  the  proportion  of  1-5-4  is  just  enough 
to  prevent  development.  In  accordance  with  this  fact,  a  very 
strong  solution  vrould  be  required  in  the  case  of  wouuds,  or  it 
must  be  added  in  large  quantities,  in  order  to  preveut  the 
development  of  micro-organiiims. 

And  so  my  own  ex[>erience  of  carbolic  acid  us  a  disinfectant 
in  the  form  of  a  1^0  watery  solution  in  putrid  cases  is  un- 
favourable, while,  on  the  other  hand,  if  1-20  carbolic  acid  be 
used,  it  is  very  irritating,  and  interferes  with  healing.  In- 
jected once  or  twice  a  day,  the  latter  destroys  the  su]terficial 
granulation  cells,  and  produces  a  thin  slougb  in  which  bacteria 
develop,  and  from  which  it  is  very  diiiicult  to  dislodge  them. 
Then  its  poisonous  qualities  are  objectionable,  and  are  of 
course  much  more  evident  when  the  acid  is  injected  into 
wounds  or  abscess  cavities  than  when  used  in  the  manner  de- 
scribed in  the  chapters  on  aseptic  surgery. 

Further,  Dr.  W ilhelm  Hack,'  in  a  jMij^er  on  the  power  of 
absorption  by  gi-anulations,  has  demonstrated  that  gramdations 
treated  with  carbolic  acid  possess  many  of  the  qualities  of  a 
recent  wound  as  regards  absorption.  ¥ot  instjince.  ai>onioq>hiii, 
which  was  only  absorbed  by  wounds  treated  with  water  dressing 
during  the  first  twelve  hours,  was  readily  absorbed  at  any  time 
by  granulating  wounds  treated  with  carbolic  acid ;  and  therefore 
in  the  absence  of  information  to  the  contrary,  I  should  fear 
that  some  of  the  poisonous  products  of  jtulrefaction  might  be 
absorbed  with  like  avidity.  Hence,  1  do  not  like  carbolic  acid 
tmless  it  is  used  aseptically. 

Chloride  of  zinc  applied  to  the  cut  surface  has  been  already 
alluded  to.  A  single  application  has  the  renmrkable  property 
of  preventing  putrefaction  in  a  wound  for  some  time  after  an 
operation;  somethnes,  indeed,  till  granulation  is  nearly  com- 
plete. It  is  further  useful,  jiccording  to  Hack's  experiments, 
in  that  the  slough  caused  by  it  does  not  permit  the  absorption 
of  substances  from  the  wound.  When  used  in  the  treatment 
of  wounds,  a  dilute  solution  (1  or  2  grs.  to  the  ounce  of  water) 
is  employed. 

Boracic  acid  is  too  weak  an  antiseptic  to  be  of  much  service 
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jKirtly  exj)lains  the  good  results — the  wound  being  aseptic,  at 
least  for  u  timr.  Then  Hack's  results  have  a  Rtrong  bearing 
on  these  cases,  for  absorption  does  not  take  place  readily. 
Mr.  Hutchinson  is  also  very  particular  to  have  free  drainage, 
which  (xiwei-fully  helps  to  maintain  the  aseptic  condition ; 
and  lastly,  he  carefully  selects  the  cases  for  operation,  only 
operating,  unless  in  cases  of  necessity,  where  the  [wtient 
is  in  gtK)d  health.  This  riolection  of  cimes  is  a  thing  not 
necessary  and  not  done  where  complete  aseptic  treatment  ia 
employed. 

The  method  which  I  should  think  was  the  l?est,  acting  on 
this  principle,  is  the  following;  It  is  practically  what  Mr. 
Lister  employs  with  excellent  results,  ouly  I  would  reject  the 
carbolic  acitl.  After  the  woimd  has  been  made,  and  before  any 
stitches  are  inserted,  tlie  raw  aiu-face  ought  to  be  thoroughly 
sponged  over  with  chloride  of  zinc  solution  (40  grs.  to  the  oz, 
of  water).  In  the  case  of  operations  on  the  extremities,  this 
is  best,  done  before  the  tourniquet  is  relaxed,  so  as  to  ensure  its 
thorough  application,  for  othej'wise  the  bUxnl  would  wash  away 
the  solution  or  dilute  it  before  it  has  had  time  to  act.  tsilver 
vire  stitches  are  then  inserted — special  care  l>eing  taken  to  en- 
sure free  drainage,  by  the  use  of  large  drainage  tubes.  As  a 
th*essiug  in  the  first  instance,  till  the  bleeding  has  stopiM'd, 
several  lay  el's  of  wet  boracic  lint  (wet  in  bonwic  lotion)  are 
applied. 

On  the  day  following  the  operation,  the  lint  is  removed,  the 
surface  of  the  wound  is  thoroughly  cleaned  with  sulphurous 
acid  or  chlorinated  s<Mla  lotions,  or  with  Hut^-hinsouV  lotion, 
and  the  drainage  tubes  are  washed  out  with  the  same,  though 
not  removed.  The  dressing  is  now  a  narrow  sirij)  of  the  sali- 
cylic, eucalyptus  or  full  strnigth  Iwracic  ointments,  thinly  but 
evfiily  spread  on  calico,  and  outside  this,  overlapping  it  in  all 
directions,  one  or  more  broad  layers  of  boracic  lint. 

On  the  secouil  ur  third  day,  the  dminage  tube  is  removed, 
and  is  washed  in  1-20  carbolic  lotion,  the  wound  being  then 
s\Tinged  out  with  the  sulphimjus  acid  or  other  lotion.  After  a 
day  or  two  the  ointment  over  the  liue  of  incision  is  changed  to 
the  half-strength  bonicic,  or  if  Ndicylic  or  eucalyjjl us  ointment 
was  used,  they  are  retained.     These  dressings  are  changed  daily 
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of  a  wound  from  which  organisms  are  not  from  the  first  excluded 
is  therefore  of  the  utmost  importance.  I  have  already  de- 
scribed the  use  of  india-rubber  tubes,  and  I  have  referred  to 
catgut  and  horse-hair.  Since,  in  a  wound  not  treated  asepti- 
cally,  fermentation,  most  probably  followed  by  suppuration, 
generally  occurs  in  the  track  of  the  drain,  we  must  provide  such 
n  drain  as  Blmll  puruiit  the  free  escape  of  pus.  Now,  neither 
horse-hair  nor  catgut  can  drain  pus,  and,  therefore,  a  tube  of 
some  kind  or  other  must  be  used.  This  may  be  an  india- 
rubber  one,  or  it  may  be  made  of  various  kinds  of  metal,  per- 
forated at  its  sides,  and  cut  flush  with  the  surface.  The  tube, 
of  whatever  material,  must  be  removed  from  the  wound  at  each 
dressing  and  washed  with  a  strong  antiseptic  lotion,  sHy  1-20 
carbolic  lotion.  If  this  be  not  done,  portions  of  decomposing 
tissue,  ttc,  remain  inside  the  wound,  and  become  more  and 
more  putrid  till  very  soon  they  become  ciiustic. 

Where  the  wound  is  not  treated  aseptically,  the  principle  of 
having  the  most  dependent  opening  possible  must  be  carried 
out  to  ihi'  full. 


III.  Ii-rigaiion  and  Immtmion, 

The  ])rinciple  of  free  drainage  is  never  of  course  used  alone, 
other  principles  act  along  with  it.  Of  the^e,  one  of  the  most 
satisfactory  is  that  in  which  the  discharge  is  not  merely  allowed 
to  flow  away,  but  if!  washed  away,  and  the  further  addition  to  this 
principle  of  adding  an  antise]>tic  to  the  water  userl  for  the  irri- 
gation and  of  thus  keeping  the  wnimd  constantly  bathed  in  an 
antiseptic  fluid.  The  latter  is  the  form  in  which  irrigation  and 
the  water  hath  are  now  always  employed,  viz.,  by  the  use  of  an 
antiseptic  solution. 

Irrigation  is,  as  a  rule,  only  practicable  on  the  extremities, 
though  it  may  be  carried  out  on  the  trunk.  For  the  latter, 
however,  the  cnntintious  water  hath  is  the  most  convenient. 

The  woimded  part  having  been  :u-i;inged  at  perfect  rest,  a 
sheet  of  mackintosh  is  fastened  to  the  limb,  and  so  arranged 
that  the  fluid  flowing  from  the  wound  shall  he  conducted  to  a 
tub;  the  vessel  containing  the  fluid  is  tised  nt  a  considerably 
higher  level   than  the  patient.     The  form   of  irrigator  most 
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diminishtHi,  Further,  the  parts  arc  kept  at  absolute  rest,  the 
necesidtj  of  moving  them  iu  order  to  change  dressings,  &c-, 
being  avoided. 

As  nn  antiseptic  lueans,  I  should  think  that  satisfactory 
irrigation  is  Iwtter  than  the  continuous  water  hath,  for  in  the 
latter  tliore  is  not  the  Kime  constiint  change  of  fluid,  nor  the 
same  wiisliing  away  of  the  disc^harge. 


Fio. 


Arrangement  for  irkigatio:c  is  tbs  lti'mk  limr. 

(After  Etmorcb.) 


Thfi  favonrnble  results  of  constant  irrigation  in  y»reventing 
septic  diseases  are  very  remtu"kable,  and,  in  this  repjtect,  it 
probably  stands  next  to  strict  aseptic  treatment. 

The  disadvantage?  of  these  methods  are  for  the  most  i>art 
the  s*rflden  fitate  of  the  wound  and  the  consequent  OHlcmatous 
condition  of  the  granulations  the  constant  siatc  of  unrest  of 
the  wonnd  an<l  the  inconvenience«  attending  the  ajiplication  of 
the  metliod.  For  the  first  reason  they  are  rliscontinued  when 
gmnulatiitn  is  complete  and  has  tilled  up  the  deej3er  {»arts  of 
the  wound,  and  when  the  time  for  blood  |»oisoning  has  jwissed. 
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an  incubating  api>aratuft,  and  kept  iiermanently  at  a  high 
tempt*rature.  This  methwi,  though  much  lauded  for  a  time, 
really  seems  to  have  favoured  considerably  the  development  of 
septic  diseases. 


IV,  Concfniration  of  the  Flnuis^  and  their  Admixture 
xciih  Oxygen » 

Tlie  method  of  treatment  which  has  been  (he  greatest 
stumbling-block  in  the  way  of  the  acceptance  of  the  principles 
of  antis(']itic  surgery  is  the  open  method,  for  surgeons  have 
been  unable  to  see  how  the  success  of  this  method  could  be 
reconciled  with  the  germ  theory  of  putrefaction.  They  have 
looked  on  it  as  the  antithesis  of  aseptic  treatment,  as  acting 
on  the  very  opposite  principle  to  that  on  which  the  aseptic 
method  is  ba^ed.  And  yet,  when  we  come  to  consider  the 
mattor  in  tlie  light  of  the  true  ]irinci]>les  of  antiseptic  stirgery, 
we  find  that  the  open  method  is  an  advanced  method  of 
antiseptic  treatment.  Of  course  other  principles,  such  us  that 
of  perfect  rest  and  free  drainage,  also  tell  markedly  in  this 
case. 

I  have  stilted  that  this  f^pen  method  acts  antiseptically  in 
two  ways,  and  these  I  must  now  briefly  consider. 

1.  It  acts  antisejitically  in  that  the  discharges  drj''  up,  and 
become  more  concentrated,  and  thus  l>eeome  unfit  soil  for  the 
growth  of  bacteria. 

That  cnncontnited  fluids  are  not  suited  for  rapid  development 
of  organisms  is  well  known.  Thus  Paijteur  paiated  out  that 
organisms  could  not  grow  in  sugary  solutions  which  had  become 
concentrated.  This  f;ict  is  made  us:e  of  in  the  arls,  in  the  pre- 
servation of  fruits.  Sugar  is  added  in  large  quantities,  and 
tliL'u  the  fruits  can  be  kept  for  an  indefinite  length  of  time. 
It  is  not  that  the  sugar  is  an  antiseptic  killing  the  organisms,  it 
is  merely  that  by  its  pi-eseuee  in  large  amount  the  fluid  is 
rendered  unsuitable  for  development. 

The  same  jiriueiplc  is  made  use  of  in  preserving  milk.     Th) 
milk  is  evajiorated  to  one-third  of  its  original   volume,  and  a 
eonrtidemble  quantity  of  sugar  is  added   to  it.     Without  the 
addition  of  the   sugar,  the  condensed   milk  may  be  kepi  for  a 
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all  bleeding  vessels  have  been  tied,  and  after  the  stomp  luM 
been  cleansed  from  blood  clots  by  means  of  a  sponge  and  cold 
wat^r,  the  |)atient,  for  whom  i^o  liwls  are  iirovidcd  close  to  eai'b 
other,  is  put  to  bed,  the  stump  is  laid  on  a  twjft  pillow,  and  over 
it  a  piece  of  gauze  or  linen  is  loosely  placed  in  order  to  keep  out 
the  tlies,  the  whole  stumj»  being  freely  exposed  to  the  air.'     Al 
the  morning  visit,  the  surgeon  pushes  his  hand  under  the  stumpy! 
raises  it,  removes  the  pillow  and  applies  a  new  one,  or  lifts  the 
patient  on  to  the  other  bed,  without  further  cleansing  of  the 
wound.    In  thin  method  all  attempts  at  uuion  by  tir:it  intentio 
are  given  up, 

Bun»w  of  Kuiiisberg  published  his  method  in  1859,  He 
attempted  to  obtain  i>rimary  uniou  as  far  as  possible.  This  he 
did  by  bringing  the  surfact^s  of  the  wound  into  contact  after  a 
few  hours  by  means  of  strips  of  plaster  applied  over  part  of  the 
surface,  all  other  dressings  being  avoided. 

Rose,  whose  results  of  open  treatment  have  been  S|)eciully 
]iulilirthed  by  Kriiiilcin,  adheres  to  Hart.scher  and  Vezin's  methtKl, 
with  this  exceiJtiou,  that  he  daily  washes  out  the  wound  with 
some  antiseptic  lotion.  Cnista  are  removed,  as  they  are  never 
com])lete  enough  to  prevent  putrefaction,  and  only  cause  tension 
by  their  presence,  and  indeed  protect  the  discharge  underneath 
from  the  action  of  the  air,  or  of  the  antiseptic  lotion.  Rose 
further  ventilates  very  freely,  so  as  to  have  a  plentiful  suj^ply 
of  air  to  the  atump.  He  employs  this  method  in  all  wounds, 
except  those  on  the  face,  where  union  by  the  first  intention 
is  dehirabk^ 

The  open  inetbod  j>iu*e  and  aimjile  is  that  introduced  by 
Bartscher  and  Vezin  ;  for  here,  while  the  discharges  are  allowed 
to  rt<^w  away  fri*oIy,  they  an*  left  to  the  unaidi-d  action  of  the  air. 
Tlie  antiseptic  etTcot  iif  this;  method  is  no  doubt  increased  by 
the  addition  of  intermittent  tintiseptic  irrigation. 

Burow's  method  canuot  act  nearly  so  perfectly,  for  in  it  dis- 
charges must  accumulate  in  various  jiarts  of  the  wound,  and 
they  are  therefore  not  so  conveniently  placed  for  tJiorough  action 
of  the  air. 

Among  the  objections  to  these  methmls  are  the  following-; 
in  all,  except  Burow*s,  union  by  first  intention  cannot  possibly 
occur,  indeed  no  attempt  is  made  to  obtain  it  ;   as  a  conse- 
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Other  attempts  have  been  made  to  produce  a  scab  by 
application  of  various  caustic  substances  to  tlie  surface  of  the 
wound.     The  crust  so  formed,  containing  as  it  does  a  stn^ug 
caustic,  is  unable  to  undergo  putrefaction  ;  and  where  the  itiflam- 
mation  caused  by  the  ajiplication  is  not  too  great,  and  does  not 
lead  to  accumulation  of  Huid  under  the  crust,  an  excellent  resul^H 
is  obtained.     In  this  case,  as  no  organisms  are  present  undef^ 
the  cru-st  (they  were  destroyed  by  the  eauntic),  and  as  the  firmly 
adhering  crust  prevents  their  entrance,  we    have   the    t3rpica|H 
aseptic  result — healing  of  an  open  wound  witliout  suppuration  o^^ 
granulation.      There   are,  however,  various  objections  to  this 
method  of  crust  formation,  the  chief  of  which  is  the  loss  of 
substance  involved  in  the  process,  while  the  same  disadvautages 
are  present  as  in  the  open  method  proper,  viz.,  slowness  (^f  heal- 
ing and  a  large  sc4Lr.  ^| 

Closely  allied  to  this  method  of  cnist  formation  is  that  iit^^ 
which  tht:  crust  is  obtaitied  by  the  application  of  the  actual 
cautery.  ^B 

Crust  formation   is   seldom   suitable   unless  in   the  case  o^^ 
superHcial  wounds  without  recesses  or  cavities,  fur,  if  these  are 
present,  an  opix)rtunity  is  given  for  the  occurrence  of  tensiot^l 
under  the  crust.     It  is  a  method  by  no  means  easy  or  universal 
in  its  application.     Wbere  it  is  employtnl  I  should  recommend^ 
the  use  of  Neudorfer's  method,  viz.,  the  formation  of  u  crust 
the  aid  of  salicylic  acid  powder, 

Alphonse  (rtimiCs  Cotton-wool  Treai'nicnt  acta  partly 
the  first  part  of  the  principle  of  the  open  method,  but  it  hardlj 
comes  into  thr  category  of  antiseptic  method». 

As  r»riginally  used,  the  wound  was  simply  washed  with  water^. 
ami   ii  hirge  mass  of  cotton-wool  applied  around  it,  and  firmly 
baurlaged  mi.  ^m 

At  jtreseTit  the  wound  is  washed  with  some  antiseptic  lotion^l 
and  layers  of  cotton-wool,  containing  camphor  powder  sprinkled 
in  it,  are  ap}»lio(l.     The  deeper  layer  consists  of  wool  moistened 
iu  carbolic  lotion. 

More  details  of  this  method  will  be  found  in  the  historica^H 
part.;  but  I   may  meution  here  a  point  which  Gueriu  considers 
of  great  imjifirtance.     The  dressing  should  not  be  applied  or 
changed  in  the  ward,  but  in  a  theatre  or  side  room,  and 
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It  is,  of  coarse,  u  well-kaown  fjict  that,  without  any  antiseptic 
appluuiees  at  all,  wounds,  more  especially  about  the  face,  heal 
frequently  by  first  intention.  How  can  this  take  place  if  blood 
or  lymph,  exposed  to  the  air,  pulreKes  Jia  the  result  of  the 
acoeau  of  organisms  ?  For,  during  the  operation,  organisms 
enter  the  wound  both  as  dust  from  the  air  and  surround- 
ing objects,  and  also  from  the  water  in  which  the  sjKjnges  ara 
soaked.  There  is  also  between  the  cut  :*urface8  a  layer  of  blood 
or  lymph  (which,  however,  must  as  a  rule  be  very  small  in 
amount,  otherwise  healing  by  first  intention  does  not  occur) 
which,  if  it  wvre  exposed  between  twoplattfsof  glass,  would 
probably  putrefy  in  a  short  time.  How  is  it  that  union  by  i 
first  int«.'utioii  can  occur  under  these  circumstances?  How  is 
it  that  the  blood  does  not  putrefy  between  the  cut  surfaces 
of  a  wound  ? 

Well,  to  use  Mr.  Lister's  forcible  argumentp,  the /act  is  that 
a  thin  layer  of  blood,  although  containing  numerous  causes  of 
putrefaction,  does  not  as  a  rule  putrefy  if  it  be  placed  between 
two  healthy  living  cut  surfaces.  Or,  to  stiite  the  fact  in  an- 
other way,  these  organisms,  which  aru  certainly  present,  cannot 
develop  in  a  thin  layer  of  blood  or  lymph  placed  between  two 
healthy  living  freshly  cut  surfaces.  Or,  to  state  the  same  fact 
differently  (taking  iutu  consideration  the  different  results  when 
the  same  layer  of  blood  or  lymph  is  placed  between  two  plates 
of  glass),  the  livnifj  tliffiues^  when  in  a  healthy  »taie,  have  the 
power  of  preventing  the  development  of  organisms  in  their  ^J 
immediate  vicinity.  ^| 

1  have  already  had  occ-asion,  in  a  furmer  jxirt  of  this  work  ' 
(p.  252),  to  point  out  llmt  if  into  a  healthif  living  animal  a 
small  quantity  of  ordinary  baclerial  Huid  hv  injected,  the 
bacteria  lose  their  vitality  and  disu]j|jt'iir.  I  have  shown  how 
organisms  cannot  be  founfl  in  the  living  healthy  body  (I  except 
here  of  course  s|)ecific  pathogenic  organisms,  such  as  bacillus 
anthracis),  unless  a  considenible  amount  of  their  products  be 
intrcKluced  along  witli  them.  Ou  the  other  hand  I  demon- 
strated how,  if  the  animal  were  out  of  health,  organisms  could 
live  in  their  hkHKl  and  tissues  umch  more  easily.  The  sjime 
is  the  case  in  union  by  first  intention.  If  the  part  be  of 
high  vital  power,  and  in  a  healthy  state,  and  if  there  be  an 
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extremely  small  amount  of  blood  or  lymph  between  the  cut 
aurfaces,  union  by  Hr.st  iuteutkm  will  almost  certainly  occur. 
If  the  part  become  infliiuiei!,  or  if  the  patient  be  In  u  weak  state 
of  health,  union  by  first  intention,  without  aseptic  means, 
becomes  a  matter  of  great  uncertainty. 

Traube  and  GBcheidleu*  have  Lkewise  found  that  blood 
taken  with  precautions  from  a  healthy  living  rabbit  into  which, 
2\  or  48  lujurK  jireviimslyj  1^  c.cm.  of  bacterial  Huid  had  been 
injected,  could  be  kept  for  mouths  without  undcrguiug  putre- 
faction. 

And,  further,  the  facts  which  I  have  already  mentioned, 
that  the  blood  and  tissues  of  healthy  Living  animals  do  not 
contain  living  organisms,  shew  sufficiently  that  they  have  the 
power  of  defltroyiug  them,  for  otherwise  there  are  freijueut 
opportunities  for  the  entrance  of  these  into  the  circulation. 

This  same  jjrinciple  was  made  use  of  by  Air.  Lister  in  his 
experiments  for  obt-aining  unboiled  urine  (see  p.  36).  He 
simply  washed  the  glaus  penis,  and  the  meatus  urinarius.  He 
did  not  wash  out  the  urethra  at  all.  The  urine  passed  in  this 
way  remained  absolutely  pure,  showing  that  no  organisms  were 
present  in  the  urethra.  And  yet  the  urethra  contains  mucus, 
putrea.'ible  outside  the  body,  and  there  is  sufficient  time 
between  the  acts  of  micturition  for  bacteria  to  spread  quite  up 
to  the  bladder  (this  was  experimentally  determined  by  IMr, 
Lister);  nevertheless  they  do  uoL  peuetnite  any  distance  into 
the  urethra.  In  other  words,  they  cannot  develop  in  this 
putreseible  mucus,  when  it  lies  between  two  healthy  living  sur- 
faces. Or,  to  state  the  fact  otherwise,  the  hejilthy  living  tissues 
have  somehow  or  other  the  power  of  preventing  the  develop- 
ment of  orepmismH  in  their  immediate  vicinity. 

Now  Liiiod  clot  itself  nciy  \\v  looked  on  as  u  tissue,  though 
one  which  is  of  very  low  vitality.  That  it  is  a  tissue  is  well 
shown  by  Mr.  Lister's  ex|)erimeuts  on  coagulation  of  blood;  for 
he  found  that  a  tube  or  c\\\>  of  hlood  clot  acted  in  the  same  way 
as  regai-ds  the  jjrevention  of  coagulation  as  the  living  walls  of 
the  vessels.  He  further  fliund  that  movement  of  the  clot 
leading  to  its  laceration  (h^strnyed  its  vitiU  |x>wer  as  a  tissue. 

In  the  *  Dublin  Medical  Journal '  for  August  1879,  Mr.  Lister, 
after  referring  to  this  subject,  mentions  the  following  facts: — 

»  Loc.  cit. 
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*  1  have  found,  in  exjierimenta  not  yet  publii^hed,  that  you 
may  put  into  such  puriBed  glasses'  (containing  pure   blood) 

*  dropa  of  water  of  considtTj-ble  wize ;  and  although  every 
hundredth  of  a  niinim  prolmbly  contains  a  septic  organism,  and 
although  the  blood  that  flows  into  each  glass  is  mixed  with  this 
septic  water,  yet  tiie  clot  there  formed,  if  protected  from  any 
other  source  of  disturbance  afterwards,  remains  sweet  and  pure 
for  weeks  together,  proving  that  even  outside  the  body  the 
blood  clot  has  the  i>ower  in  itself  of  resisting  the  development 
of  septic  organisms — a  most  imjKirtant  truth,'  After  applying 
this  principle  X/o  union  by  first  intention  in  cases  of  amputation, 
he  says:  *  l^ut  suppose  sm-h  a  stump  attacked  by  muscular 
spasm  churning  up  the  blu<»ii  clot»  then  the  septic  |Kirticles 
would  develop,  and  then  you  would  have  puti-efactiou  and  septic 
siiiipurations,  so  that  without  auliseptic  treat meiit  in  this  kind 
of  case,  you  are  at  the  mercy  of  perfect  immobility ;  and,  as  I 
have  said  before,  even  with  the  best  means,  you  cannot  secure 
this.' 

In  his  recent  address  at  Cambridge,  Mr.  Lister  refers  to 
simihu-  facts,  but  as  he  has  not  yet  published  them,  and  as  the 
accounts  given  in  \\\i'  jntimiils  are  very  garbled,  I  cfinnot  refer  to 
them.  It  seems  howt-vcr  that  he  confirmed  tlie  experiments 
just  mentioned,  and  found  that  blood  clot,  when  kept  jierfectly 
undif?turbed»  did  not  imtrefy,  even  if  4  drops  of  tap  water  were 
placed  in  the  Hask  before  the  hlot)d  was  intnxluced. 

A  very  interesting  experiment  bearing  on  this  subject  is 
mentioned  by  John  Hunter  in  his  paper  on  *The  living  principle 
of  the  blood.' 

After  pointing  out  how  fresh  and  living  eggs  resist  putre- 
faction, and  referring  to  various  facts  which  he  thought  were 
inilications  of  the  existence  of  a  living  principle  in  blo(X"l,  he 
narrates  the  following  remarkable  ex])eriment,  showing  that  the 
blood  of  f/onnj;  persons  res iHfs  put vff it c( ion  Ion f/er  than  thai 
of  old  people ;  iu  other  words,  that  the  blood  of  yomig  persons 
has  greater  vital  power. 

'  Juue  24th, — Some  blood  was  taken  from  a  womau  twenty 
years  of  age,  and  its  surface,  after  coagulation,  was  covered  with 
an  intlaomiatory  crust, 

^  On  the  same  day  some  blood  was  taken  from  a  woman  at 
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of  i»erfoct  health.    To  attain  this,  the  hculth  of  the  p:i 
miiKt  be  attended  to  and  kept  g*xKi,  and  all  causes  which  irritate 
and  cause  the  woanded  part  to  inflame  or  become  weaker  must 
be   avoided.     The  causes  wliich  weaken  the  jwirt  are   varioi 
forms  of  unrest  J  mechanical  or  chemicjil. 

To  cany  out  this  principle  two  things  are  required, 
accurate  apyiroximation  of  the  cut  surfj«:es,  and  absolute  immi 
bilisation  of  the  part.  WTiere  accurate  approximation  of  the 
cut  siu-faces  cannot  be  obtained,  the  same  principle  of  absolute 
rest  must  he  carried  out  as  regards  the  clot  tilling  up  the  gap, 
and  it  may  thus  resist  the  development  of  bacteria  in  its  sub- 
stance^ Were  I  comiM-'lled  to  treat  any  case  on  this  jjrinciple 
alone,  T  should  combine  with  it  the  oi>en  method,  leaving  the 
wound  freelv  exposed  to  the  air.  The  superficial  layer  of  the 
clot,  by  drying  \i\\  would  thus  to  some  extent  form  an  obstae^l 
to  the  entrance  of  organisms.  ^* 

I   have   mentioned  this  as   an  antiseptic  method,   as   the 
principle  is  of  great  importance  in  explaining  certai^n  otherwii^H 
]tuzzIiTig  cases,  but  I  should  not  recommend  it  for  ad^iption,  f<^^ 
it  is  only  in  a  few  cases,  such   as  in  face  wounds,  where  the 
vitality  of  the  part  is  high,  that  this  vital  action  of  the  tissu 
and  h\<MM\  dot  can  be  sufficiently  trusted. 

Such  are  the  chief  principles  on  which  antiseptic  surg 
can  be  carried  out.  In  the  class  of  antisei)tic  methods  to  wh 
I  have  refeiTed  in  this  chai)ter,  the  surgeon  does  not  adhere 
strictly  to  one  or  other  principle,  partly  because  the  principles 
on  which  he  acts  liave  not  as  yet  been  properly  imderstoctd  or 
appreciated,  and  partly  because  better  results  can  be  obtained 
by  their  combination.  ■ 

Tn  many  minor  ways  the  antiseptic  principle  may  be  aideff 
Thus,  by  the  use  of  catgut  lig;itures,  we  do  not  have  a  Ion 
Bpptic  thread  hanging  out  of  the  wound,  conducting  ]>utr^f] 
lion  into  its  interior  and  leading  to  deejvseated  sappuratio; 

Ac. 

The  silver  sutiu-e  acts  in  the  same  way  as  compared  with  the 
fiilk.  Silverdoes  not  absorb  the  pntrcficible  materials,  and  thus 
putrefaction  does  not  occur  in  it.  On  the  rr»ntrary,  silk  absorbs 
blood  and  serum,  which  putrefy  in  it,  and  the  silk  which 
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at  first  unirritiiting,  l>ecoraes  very  iicrid  an rl  causes  inflsimma- 
tiim  ill  its  vicinity. 

Wliat  are  the  various  means  by  which  the  general  health 
and  tone  are  kept  up  in  septic  eases,  what  is  the  careful 
selection  of  heallliy  individiials  for  ojH?ration,  but  imperfect 
attempts  at  antiseptic  surgery? 

What  IB  ventilation  but  an  antiseptic  means?  The  air  being" 
constantly  changed,  the  fonl  einanationts  from  woimds  crmlain- 
ing  septic  bacteria  are  dilute*]  and  swept  awaj",  while  at  the 
same  time  a  l)etter  stat^  of  health  is  ohUiined. 

And  so  I  might  go  on  enumerating  various  minufe  jKiints 
which  have  been,  in  ignorance  of  their  true  signitieauce,  adopted 
in  the  treatment  of  wounds,  all  of  which,  more  or  less,  act  on 
and  promote  autiseptic  priocijiles. 

We  thus  come  to  the  end  of  our  discussion  of  the  Principles 
and  Practice  of  Antiseptic  Surgery.  We  have  seen  that  anti- 
septic surgery  is  simply  a  struggle  with  the  causes  of  jmtrefae- 
tion.  I  have  not  montioned  the  germ  theory  of  infective 
disease  at  all.  That  has  no  essential  bearing  on  the  principle^ 
of  antiseptic  surgery.  All  that  is  required  of  antiseptic 
surgery  is  to  prevent  the  occurrence  of  all  kinds  of  fermenta- 
tion. The  germ  theory  of  infective  disease  is,  I  say,  an  inde- 
]>endent  view,  and  not  part  of  those  pnnciples  at  all.  It  is 
from  mixing  uj>  these  two  theories  that  the  confusirvn,  and 
much  of  the  difHculty  in  accepting  the  principles  of  antiseptic 
siirgerVi  have  arisen.  Thus,  for  instance,  a  surf^eon  wh<>  writes 
a  good  deal  on  thiH  subject,  after  admitting  to  the  full  the  germ 
theory  of  putrefaction,  states  that  he  refuses  to  accept  the 
principles  of  iuitiseptie  surgery  and  aseptic  surgery  in  its  train! 
Speaking  of  the  principles  of  antiseptic  surgery,  he  says: 
'(imnting  that  the  same  germs  which  would  inevitably  produce 
putrefaction  in  a  dead  infusion  of  beef  are  constantly  admitted 
to  wounds,  there  is  not  the  slightest  piulicle  of  evidence  that 
they  do  produce  any  change  whatever  upon  living  tissues,  still 
less  is  there  any  evidence  that  the  changes  which  (tccur  in  the 
numerous  varieties  of  what  we  call  blotKl  poisonings,  even  when 
they  are  of  an  nndnubtedly  local  origin,  have  the  slightest 
analogy  to  those  seen  in  a  ])utrefying  dead  infusif>n.' 

Such  a  |>assage  simply  shows  thiit  the  author  is  confusing 
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together  the  two  germ  theories —that  of  putrefaction  with 
that  of  infective  disease.  But,  as  I  have  already  pointed  out, 
the  germ  iheorif  of  p^iirefactinn  is  the  only  t'-iew  at  the  hams 
of  antiseptic  s^urfjery ;  and  the  author  admits  the  truth  of 
this  theory,  and  yet  rejects  aseptic  surgery ! 

But  let  the  germ  theory  of  putrefaction  be  once  admitted, 
antiseptic  surgery  and,  where  possible,  aseptic  surgery,  is 
the  logical,  practical  outcome.  "WTiat  does  it  matter  for  the 
2>riHc//if<'«  of  antiseptic  surgery  what  the  precise  relations  are 
which  fermentations  in  woundn  bear  to  the  bad  symptoms  after 
wounds  ?  These  are  points  to  discuss  in  connection  with  the 
rtsnlts  obtained,  but  they  art*  not  the  essential  points  to  be 
considered  in  detennining  the  adoption  or  rejection  of  anti- 
septic methods. 

licaving  out  of  view  the  question  of  infective  disease,  and 
supix)8ing  that  we  deny  its  connection  with  fermentations  in 
wounds,  1  would  ask  any  surgeon  who  talced  the  above  line  of 
argument,  whether  he  would  view  with  siitisfaction  the  en- 
trance of  causes  of  putrefaction  into  the  jM*ritoneal  cavity? 
I  venture  to  say  that  he  would  not,  and  that  the  following 
would  be  the  result  of  his  calmer  cogitations;  *I  do  not 
care  at  all  what  relations  fermentations  in  wounds  bear  to 
infective  diseases,  but  I  would  rather  not  have  putrefaction 
present  in  the  abdi»minal  cavity,  and  I  must  insist  on  your 
taking  all  possible  precautions  to  prevent  the  entrance  of  its 
causes.  In  other  words,  I  believe  in  the  germ  theory  of  putre- 
faction, nnd  I  wish  the  mcthoiis  of  practice  which  follow 
logically  from  such  belief  to  be  fully  carried  out  in  this  ease ;  i.e. 
I  wish  the  strictest  aseptic  precautions  to  be  employed.  If,  at 
the  same  time,  infective  disease  is  also  avoided,  I  shall  be  very 
pleased,  but  I  do  not  understand  the  causes  of  it.  I  do  under- 
stand, however,  the  causes  of  putrefaction,  and  I  wish  no  pre- 
caution to  be  s|)ared  by  which  it  may  be  avoided.' 

I  venture  to  thiuk  that,  with  the  mass  of  evidence  now 
existing,  there  will  be  very  few  disbelievers  in  the  germ  theory 
of  putrefaction  ;  and,  as  soon  as  a  man  nccepts  that  view,  he  is 
Ixiund,  as  a  rational  umn,  to  ])ut  his  belief  into  practice  on  one 
or  other  of  the  lines  indicated  here.  He  must  i\o  that,  I  say, 
whether  he  believes  in  the  germ  theory  of  infective  diseaae  or 
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not,  were  he  indeed  ignorant  of  the  existence  of  such  a  view  ; 
though  no  doubt  the  precise  amount  of  energy  which  he  will 
bring  to  bear  in  carrying  out  one  or  other  method  will  to  a 
certain  extent  depend  on  the  view  which  he  takes  of  the 
dangers  which  may  arise  from  fermentations  in  wounds,  and 
these  we  shall  have  to  consider  when  we  come  to  speak  of  the 
results  of  the  various  methods. 


* 
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nf  thenncicnt  wrli^rii.  Attcnn(>rA  nf  llic  ancients  to  fierure  imm* 
^^  ^,..  ,.nlon  cif  womqif|.-i,  I'jwf  and  raniciilHaB:  DuIatmU;  Arcfcus:  Vroj^ 
f)f  wound  trcatffwnt  in  the  wxtcentli  cwitwry.  SevcntCBotb  centnry: 
Mj^attis:  WUemuui :  C-ulbat<]b:  Trc^^rtsa  In  the  se^vc^nleenth  f^niui-y. 
Eigbtet'nth  i^fittmryatnJ  tlic  enrly  jiarl  **f  ihe  nmofjcmtb  ;  Boerhaare  :  Col 
d''VilliirHT  H('l«tliu  :  Ititguf'f:  Benjwniiin  IVIl  :  Abi'mi'thy  :  John  Hunter's 
olijt'rtiinw  Ut  tbf  viow»  («f  Bell  and  Aberin'thj- :  JiOm  B«U :  opinionA  and 
pmctiw  of  other  flnriffonn  :  ConeliiBlotiji  i  Vnn  Kfjrn.  ' 


Avtlski^k:  siirgfiy  bt-in^,  an  we  !juvm  st*fn,  ii  %ery  wirl« 
tprni,  in  endeavouring  to  take  a  philosophkal  view  of  its  his^ 
tory  and  developTnent,  vre  must  trace  the  development  of  the 
methods  of  wound  treatment  during  the  last  two  centuries  at 
least.  In  doing  so,  and  in  order  to  avoid  repetition  when  we 
come  to  consider  the  results  of  the  various  methods,  I  shall 
introduce  into  this  historical  part  such  details  of  the  results 
obtained  as  seem  to  me  advisable. 

Without  entering  into  details  on  the  practice  of  the  ancient 
writers,  we  may  look  on  their  modes  of  treatment  as  more  or 
less  directed  to  making  the  wound  heal.  Thus,  substances  were 
applied  to  Tnake  the  flesh  grow,  others  to  make  the  growing 
flesh  firm,  and  others  to  make  the  wound  cicatrise.  Amid  all 
these  attempts,  the  tendency  of  the  wound  itself  towards 
healing  was  almost  entirely  lost  sight  of.  It  was  supposed 
that  without  these  applications  all  sorts  of  evil  results 
would  t^ke  place,  and  healing  would  not  occur.  These  ideas 
reigned  paramount  for  centuries ;  and  we  find  them  still  ad- 
vocated, not  perhaps  in  such  a  glaring  manner,  up  till  very 
recent  times. 

Nevertheless,  there  were  surgeons  who  from  time  to  time 
were  b61d  enough  or  had  insight  enough  to  protest  against 
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these  views.  Amongst  these  we  mny  mention  Pail  r)*K(jiNETA,' 
whf>  lived  probtibly  in  the  seventh  century.  He  pi*o3cril>es  tlio 
numerous  plasters,  by  means  of  which,  he  says,  the  action  of 
nature  is  choked,  and  he  shows  himself  not  ignorant  that  it 
is  to  nature  herself  that  one  must  attriluite  the  successive 
changes  that  wounds  present.  Rogerius,^  in  the  thirteenth 
eentury,  also  protested  a^inst  the  numerous  drrssinps  then 
in  vogue,  and  used  only  wine  and  honey  as  h>cal  applications. 

The  rule  at  that  time  was  not  to  attempt  to  clope  the  , 
wound,  even  wliere  that  was  pnssihie,  for  it  was  supposed  that 
all  sorts  of  evil  humours  would  be  pent  up,  and  cause  ccmstilu- 
tional  aftections.  On  the  contrai-y,  wounds  were  distended 
with  tents  and  plugs,  which  were  covered  with  all  manner  of 
ointinents,  and  imbued  with  various  kinds  L>f  medicaments. 
Attempts  were,  however,  made  from  time  to  time  to  procure 
union.  Amonj^  those  who  nmde  these  attem]its  may  be  men- 
tif)ne<l  Hki'NO,'  in  the  thirteenth  century,  who  treated  wounds 
differently  according  as  they  were  simple  incised  wounds,  or 
wounds  with  loss  of  substance.  The  former  he  closed  at  once, 
while  the  lattH*  were  made  to  suj^punite,  except  in  cases  where 
nerves  were  injured,  where  he  thought  that  'putrefaction  might 
cHUse  8pasm : '  already  we  see  the  germ  of  the  idea,  which  is  at 
present  gaining  ground,  that  there  is  an  intimate  relation 
between  tetanus  and  septic  changes  in  wounds.  Similar  viewn 
were  expressed  about  the  same  time  by  LaNFRant/  who  wrote 
at  length  against  the  dangers  of  tents,  and  wlio  states  that  the 
immediate  union  of  wounds  ought  to  be  the  first  aim  of  the 
Burgeon  in  all  cases  of  simple  wounds,  except  in  the  aiae  of  a 
bite  by  a  mad  di»g. 

During  the  next  two  centuries,  surgeons  seem  to  have  for- 
gotten, or  not  to  have  j»aid  attention  \*\  f  lie  teachings  of  Bruno 
and  JjiTifnme,  and  to  have  still  continued  the  j)ractice  of 
endeavouring  to  remove  morbid  humours,  and  of  altering  the 
siipiM"»sed  poisonous  state  of  i\\o  surface  of  the  wound  by 
numerousand  vaned  a]tj)licati<»ns.  Tlie  most  j>rorainenl  surgeoa 
of  this  time  was  tit'Y  DE  CnAi'LTAC,*  the  celebrated   surgeon 

'  Sec  rorlor»  Ifi»fmrt*  tlr  fJnatttmif  rt  tie  ta  (Vnrurffir,  1770. 
'  ma.  '  ihiti.  i.  17m.  •  Shid.  i.  isa. 

*  Chiriirffiff  Mei^na^  reAlilula  a  L.  JouberlOt  1685, 
r  2 
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.     of  Moiitpellier,     He  used  no  less  th.in  five  different  ointmenl 
■     in  the  trrtifment  of  a  simple  wound. 

At  the  end  of  the  fifteenth  century,  or  the  beginning  of  the 
sixteenth  century,  a  new  writer  rt|t[»eared  in  the  i>erson  of  De 
Vuio/  who  for  a  time  exercised  a  great  influence  ou  the  progress^ 
of  surgery.     It  was  he  who  elal)orated  the  dogma  that  gui 
ehot  wounds  are  |M)isonous,  and  that  they  must  be  bui-nt.     M^ 
speaks  of  the  contiu:*t  of  the  air  with  wounds  as   being  vei 
^  hurtful,  and  f*)r  that  reason   he  unites  the  edges  early,  t«ikiug 
care  not  to  leave  any  blood  clots  between  the  cut  surfaces.     He 
also  objects  to  the  unnecessary  use  of  tents,  and  only  introduces 
into  the  wounds  lint  covered  with  a  digestive  made  with  ti 
pentine.    To  the  wound  itself  he  applied  various  powders,  som* 
of  them  containing  antiseptic  sul>stauces,  and  these  no  doubt 
assisted  to  form  an  antiseptic  crust. 

In  1542  MiCHKL  Ange  Blondcs'  wrote  on  the  treatment  oi 
wounds  by  water.  After  arresting  hsEmorrhage,  and  removing 
foieign  bodies,  he  applied  dressings  soaked  in  water.  ^| 

From  this  perif>d  we  begin  the  real  history  of  modem 
wound  treatment.  The  two  men  who  were  most  influential  in 
rescuing  this  department  of  surgery  from  the  8tat«  into  which 
it  had  fallen,  and  in  laying  the  foundation  for  the  more  modem 
methods  of  treatment,  were  Paracelsus  and  Par^,  ^j 

PniUrPK-AURfiOLE-THfiOPHRASTE-PARArEI^E-BOMBAST*  WB^| 

boni  in  1493  at   Einsiedt4n,  near  Ziirieh,  an<l  spent  the  early 
^    iMii-t  of  bis  life  at   Kaslc,  as  teacher  of  sui-gery.     In  his  metho<i 
of  treating  woimds,  he  only  aimed  at  aiding  nature.     He  sup^f 
jKiscs  tliMt    there  is  a  juice,  distributed  throughout  the  body,^^ 
which  kcci»s  the  various  tissues  of  the  body  in  good  health,  and^ 
rejmirs  them  when  they  are  injiu-ed.     The  whole  aim  of  ihk 
surgeon  ought  to  be  to  prevent  alterations  in  this  liquid,  result-' 
ing  either  from  its  contact  willi  air  or  from  other  accidents,, 
Xatm'e  alone  is  suflicient  for  this,  as  is  seen  in  wounds  of  th< 
lower  animals,  and  the  esHcntijd  thing  is  not  to  interfere  with" 
nature.     jMcdicaments  ai*e  on!}'  of  use  as  jfresening  this  juice, 
and  preventing  its  corrui>t.ion  (putrefaction).     In  (he  treatment 

'  The  Afmt  Ear^tflUHt  Ktirfunnff  Chirvrgerife^  iiQ^  1513, 

'  Piirl«rs  irUfoirr,  i.  381. 

'   Upc^n  Mcfiieu  CbifHxnt,  rife  Puradora^  lG(K{-5. 
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of  wounds  he  employed  silver  wire  autures,  and  bathed  or  in- 
jected the  wound  with  a  suhition  of  acetate  of  h'ud. 

These  views  were  adopted  by  Ambroisk  Par^  (loOD-1584  ?).' 
He  says: — '  Le  eln'rnr^ii^n,  pour  ]ji  curation  des  playes,  se  doit 
l^roposer  une  connniine  indication,  qui  est,  union  des  iiarties 
divis^s  *  .  .  .  'Or  ceste  premiere  et  generale  indication  est 
parfaite  par  nature  comme  le  principal  agent,  et  par  le  chirurgien 
comtiie  uiiniatre  de  nature  ;  et  si  uaLure  u'est  forte,  le  ehiriu-gien 
ne  pourra  venir  a  sa  fin  i>retendue.'  Pare  mentions  a  variety  of 
topicjil  ap|)licationfl,  Imt  his  great  aim  is  to  keep  the  ]»art  at 
rest,  '  Preserve  the  temper  of  a  wound  hy  low  diet,  a  little 
wine,  and  rest ;  avoid  venery,  contentions,  brawls,  angers  and 
other  perturbations  nf  the  mind.'  As  is  well  known,  he  was 
the  first  to  show  that  gunshot  wounds  were  not  poisonouH. 
He  8imi>ly  enlarged  these,  and  extracted  any  foreign  Ixxlies,  and 
then  applied  supjinrafive  medieines-  He  reg^irdcd  wounds  of 
joints  as  very  fatal,  and  for  the  most  part  deadly,  and  here  he 
counsels  the  application  of  Venice  tiiq>entine,  and  not  of  sup- 
purative medicines.  His  views  with  regard  to  air  are  int^^rest- 
ing.  He  looked  on  pure  air  as  rather  beneficial  to  the  wound, 
and  to  the  patient,  but  the  air  of  sick  rooms,  camps,  &c.,  is 
generally,  as  he  siijijKja^'d^  loaded  with  miasms,  and  therefore 
very  dangerous,  and  it  is  the  miasms  in  the  air  rather  than  the 
air  itself,  which  are  the  soiu^e  of  the  danger. 

It  was  cliiefly  by  the  writings  and  teachings  of  these  two 
men,  that  the  ideas  that  the  wound  must  be  fe<i,  that  bad 
humours  must  be  removed,  and  that  wounds  i-jmnot  heal 
without  constant  meddling,  gave  i>lace  tn  the  true  view  that 
nature  is  the  only  agent  in  the  healing  of  wounds,  and  that  all 
that  we  can  or  ought  to  do  is  to  remove  anything  which  inter- 
feres with  its  pro|>er action.  Pare  looked  more  eH|)ecially  to  the 
constitution.  He  strengthened  the  body  as  a  whole,  while 
removing,  as  far  as  he  knew,  any  local  disturbing  causes.  The 
former  is,  however,  the  point  which  he  considered  the  most 
imp*jrtant.. 

Jean  Andr^  Delacroix  (1573)'  was  one  of  the  most  suc- 


•   (Eutrrcx  CttmjftHn,  jMir  J.  fl  Mahjni^ney  1840.     See  also  The   Wtfrku  of 

thatfamoH$  Chirurffion,  translated  by  Thomiis  Johnston,  16C5. 
»  Portal'a  Hutmrr,  ii.  41. 
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cessful  siirj^eous  of  that  time,  auU  julopted  the  views  just  reltitedj| 
as  to  the  powtTS  of  nature*.     He  used  antiseptic  substances  vei 
largely.      Thus  he    ret^jininends    t^tronglj,  as    Mpplicatious    io\ 
wounds,  ethereid  oiIh  and  substances  containing  alcohol.     After 
the  bleeding  had  l)eeu  arrested  and  foreign  Inxiiea  removed, 
he  washed  out  the  wounds  with  some  '  detergent  liquid,*  and 
then  :i])plied  pliisters  containing  chiefly  \nie\\  and   oil    of  tur*^^ 
j>entine,     l[i8  results  were  exceptionally  gotxi,  ^H 

The  l>iid  effects  of  the  air  were  nuirh  feared  by  Wi'htz,'  who,       \ 
in  order  to  prevent  it^  access  to  wounds,  kept  the  doors  of  the 
sick  room  closely  shut  while  he  ra|iidly  changed  his  dressings, 

Fallopius*  also,  about  the  same  time,  frt»m  the  same  fear 
of  the  air,  mnde  a  number  of  exi>eriment8  on  healing  under  a' 
erust. 

The  method  of  treatment  employed  by  Francois  Akc.«i:s  ■ 
(1574)  was  more  simple  than  any  of  the  others  used  up  to  that 
time.     Having  arrested  bleeding,  and  removed  foreign  bodies^ 
he  washed  the  wound  with  alcohol,  or  with   wine  containing 
myn'h  or  other  similar  substances,  and  brought  the  edges  to- 
gether with  sutures,  leaving  an  oi)eniug  which  could  be  kept 
open,  if  necessary,  by  a  [tiece  of  lint  inti-oduced  into  it.     H 
then  applied  a  balsam,  which  afterwards  attained  great  celebrity, 
and  which  he  descril)es  as  follows  : — *  Prenezterehenthine  claire 
et  baume  elemi  une  once  et  demiede  chiicnn  ;de  lagraisse  d'un 
animal   cliatre,  deux  onces  ;  vieille  graisse  de  ]Kirc,  une  once 
Faites   fouilre  tons  ees  ingrediens  a  un  feu  modere,  et   vou, 
aurez  un  liniment  que  vous  furez  foudre  toutes  les  fois  que  voua 
voudrez  vous  en  servir.    Vous  en  oindrez  la  plaie  avee  une  plume 
et  vous  couvrirez  le  tout  avec  un  emplatre  de  Vigo.'     He  had 
some  remarkable  results  by  the  use  of  this  method,  which  reall 
is  a  fair  antiseptic  metho<l,  and  not  fiU"  ren»oved  from  un  aseptic 
one. 

ViCARY,*  towards  the  end  of  the  same  century,  washed  out 
wounds  with  a  balsamic  water,  stitched  them  up,  and  covered 


'  }*rti<*iicit  dvr  Wundarttneyt  Uaael.  151*6. 
«  Oiti^ra  Omnut,  16(H>-6. 

•  A  mimt  J^reiUnt  nnd  i'ompenditiHt  Method  ftf  CHriiig  WoHndrttin  thr  l/ettH 

ami  in  otfirr  Vnrt*  of  the  Jiody^  traiittlated  by  Joliii  Head,  1568. 

*  The  KmjliMhiuung  JWnsurr^  .)it*.,  1026. 
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tbem   with  various  balsams,  and  he   speaks   of  the   excellent 
results  which  be  obt^unc'd  in  this  way. 

The  great  advance  in  tluB  century  was  then^assertion  of  the 
part  played  by  nature,  and  the  abandonment  of  the  ideas  of 
feethng  wounds  or  of  making  Hesh.  ILeit'  also  we  have  the 
first  strong  recommendation  to  apply  antiseptics  to  wounds, 
and  the  success  of  these  applii:atioas,  in  the  hands  of  Arcseus 
more  especially,  is  vouched  for  by  the  fame  wliich  his  balsam 
afterwards  acquired.  Nevertheless,  as  such  methods  were 
simply  the  result  of  chance,  and  did  not  arise  from  any  glim])se 
of  the  true  principles  which  were  at  work  in  obtaining  the  good 
results,  tliey  never  became  established  modes  of  treatment. 
During  this  century,  two  writers  more  eqjecially,  Paracelsus  and 
Wiirtx,  looked  on  the  admission  uf  air  to  wounds  as  a  very  bad 
thing,  while  Paj'fe  went  the  length  of  ascribing  the  harm  not 
so  much  to  the  air  as  to  miasms  contained  in  it. 

Seventeenth  Century. 

The  evil  effects  of  air  were,  however,  most  promiucutly 
brought  foi-ward  by  M au ATI'S  '  (1516),  to  whom  also  must  he 
accttrfled  the  credit  of  having  first  thoroughly  recognised  the 
importunce  of  rest  in  the  treatment  of  wounds.  He  says  that 
the  air  is  charged  with  miasms,  whicli  infect  the  parts  with 
which  they  come  in  contact.  He  tM)int3  out  as  an  instance  of 
this,  the  rapid  putrefaction  of  an  egg  if  n  hole  is  made  into  it- 
He  also  writes  strongly  in  favour  of  perfect  mechaniciil  rest, 
fur  lie  thinks  that  movement  is  a  frequent  cause  of  tlie  bad 
results  which  follow  wounds.  With  the  view  of  obtaining  both 
objects,  the  exclusion  of  air  and  jterfeet  rest,  ho  recommends 
very  infrequent  changing  of  the  dressings  ;  indeed,  he  only 
changed  them  when  it  became  absolutely  necessary.  He  left 
spaces  between  the  sutures  for  the  escape  of  pus,  but  he 
objected  strongly  to  the  use  of  tents.  He  did  not  wijje  away 
the  jais  friira  a  wound,  because  he  thouglit  tliat  it  ultimately 
fortiied  (he  eioatrix,  and  in  the  meantime  protected  the  wound. 

These  infrequent  dressings,  owing  to  fear  of  bud  efFecls  from 
the  contact  of  air  with  the  wound,  were,  as  we  now  know,  the 
outcome  of  a  wrong  tlieory;  and  althougli  Magatus's  teaching 
exercised  great  influence  down  to  recent  times,  yet  in  the  case 

*    Ik  ntra  Mcduatwne  rNl/MVttw,  1616. 
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of  those  who  have  sludied  and  acted  on  his  views,  tlie  reaction 
has  been  so  great  when  they  have  discovered  how  insufficient 
they  were,  that  the  good  points  in  his  method  were  for  a  long 
time  likewise  rejected. 

During  this  seventeenth  century,  there  was  but  little  pro- 
gress made.  The  accumulation  of  dressings,  which  had  been 
given  up  to  some  extent  at  the  commencement  of  the  century, 
had  been  again  introduced,  chiefly  as  the  result  of  Magatus^s 
teaching  on  the  bad  etfects  of  air.  These  dressings  contained, 
however^  balsams  and  other  antiseptics  of  various  kinds,  and 
thus  the  bad  etfects  which  must  have  arisen  from  keeping 
putrid  dressings  in  contact  with  wounds  fur  a  long  time,  may 
have  been  to  some  extent  avoided. 

It  is  interesting  to  note,  in  reference  to  our  fiiture  considera- 
tion of  the  results  of  various  methods  of  wound  treatment,  that 
Magntus's  method  by  no  means  did  away  with  the  dangers  of 
such  injiuries  as  incisions  into  joints.  Thus,  to  quote  from 
James  Cookk*s  '  Marrow  of  Chirurgery '  (1 685)  ;  under  *  Wounds 
of  Joints,*  he  says:  'U  a  wound  associate  to  a  dislocation  so 
that  tiie  joynt  be  bar'd  and  u  little  thrust  out  of  the  skin;  in 
great  joynts  'tis  deadly,  in  all  bad :  yea,  after  set,  there  ofl 
follows  inflammation,  convulsion,  &c.,  especially  if  withal  there 
bt^  a  fmcture  near  the  joynt.' 

That  advance  was  being  made,  and  that  the  teachings  of 
Majfjitus  were  not  blindly  followed,  is  evident,  for  example,  from 
the  writings  of  Ricii.\Hi>  Wlvkman  '  (IG92).  Wiseman's  views 
on  the  healing  of  wounds  and  his  metho<ls  of  treatment  were  re- 
niarkably  good.  In  uniting  the  ed^ii»  of  a  wound,  he  says  that 
one  must  not  force  a  pledget  of  lint  between  the  li[)S,  nor  use 
violence.  Unite  the  jmrts  gently  and  equally;  then  'preserve 
the  natural  tempemment  of  the  jMirt,  that  thereby  agglutina- 
tion may  be  obtmned.'  Agglutination  is  the  work  of  nature 
alone.  Blood  is  the  natural  glue,  and  heuce  great  care  must  be 
taken  that  it  is  good.  Attend  therefore  to  diet  and  regimen. 
Support  the  patient's  strength.  Do  not  stop  strong  drinks,  if 
the  jrtitient  has  been  accustomed  to  them.  Do  not  purge  ;  but, 
if  necessary,  give  gentle  laxatives.  He  used  as  apph'cutions  to 
wounds  such  remedies  as  turpentine,  and  outside  this  he  applied 

»  Chirurgieal  Treatise*,  1692. 
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cooling  and  astringent  lotions.  Powders  of  various  kinds  were 
sjirinkleti  over  the  larger  wounds. 

At  the  end  of  the  seventeenth  century  aii[»eared  a  most  re- 
mai'kahle  series  of  treatises  by  Siu  John  Colbatch,'  iu  which  he 
describes  results  obtained  by  the  use  of  a  medicament,  which 
ht!  Uiiftirtuiiittely  does  not  mention,  but  which  gave  him  results 
only  comparable  to  the  true  aseptic  resiilts  obtained  at  the 
preseiit-  tlay  iiy  the  use  of  tlie  aseptic  meth<xl.  That  he 
should  have  concealed  the  name  of  the  substance  employed 
cannot  be  tt>omurh  regretted ;  but  that  nevertheless  he  was  no 
ignorant  quack,  telling  falsehoods  simply  to  sell  his  wares,  is 
shown  by  the  ]>osition  which  In?  ultiniately  allained  iu  his  |>ro- 
fession.  The  aecnracy  of  his  results  are  also  attested  partly  by 
the  publicity  with  which  they  were  obtained,  but  chiefly  by  the 
clearness  of  the  description  which  he  g^ves  of  the  progress  of 
his  cases— a  progress  which  could  not  at  that  time  have  been 
imagined  by  any  one  who  had  not  seen  the  facts.  A  typical 
aseptic  course  is  described,  while  tliere  is  no  doubt  that  he  had 
observed  vascidnrisation  of  the  blood  clot,  and  its  replacement 
by  new  tissue,  just  as  has  been  described  in  the  present  day  by 
Mr.  Lister. 

In  his  preface  he  asserts  *  that  the  method  of  chirurgery 
hitherto  \ised  is  not  the  Ijest ;  that  all  probes  and  tents,  all 
digestive  and  suppurating  medicines,  all  cauterizing  and  stj^ght 
ligiitures  are  injurious  to  the  |>atientsj  and  jHocrastinate  their 
cure.'  His  view  is,  that  when  a  wound  i.'=i  made  the  *  nutritious 
juice'  escapes  from  the  vessels.  'Now  all  the  medicines  used 
iu  the  common  methods  of  chimrgery  are  of  such  a  nature  as 
to  relax  tlie  divided  libres  so  much,  that  they  cannot  contain 
the  nutritious  matter  brought  to  them,  but  let  it  pass  into  the 
wound,  where  it  is  by  the  same  medicines  corrupted  and  turned 
int'j  that  sulistunce  we  commonly  call  matter.  Now  the  corrup- 
tion of  the  nutritious  juice  cannot  be  performed  without  a  sort 
offet^itientation,  and  it  is  the  fermenting  particles  that,  fretting 
the  Bbres,  cause  inflanmiation  iu  wounds,  and  by  enlerlng  into 
the  bloody  and  dividing  its  texture,  caxise  symptomaiic  fevers^ 
which  frequently  prove  so  fatal.'  He  then  goes  on  to  say  that 
by  the  infdicines  in  common  use  surgeons  cause  suppuration 

'  Normn  Lvmen  ekiriiTyi4yum,  ke.,  hj  Sir  John  Colbatcli,  1704. 
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and  often  mortification,  *and  when  nature  is  nlmost  tired  uud 
o|»i»rcsstul,  weak  as  she  is,  they  le«ve  her  to  do  her  own  work,' 
In  the  cases  where  the  cavities  of  the  body  are  wounded,  the 
patient  is  considered  certain  to  die;  *for  to  bring  ii  wound  in 
the  lungs,  liver,  guts,  i&c,  to  siii>]iunition  is  to  bring  certain 
death,  Hud  to  cure  a  wound  without  bringing  it  to  supjmration, 
they  d<tn't  y>retend/  He  then  refers  to  the  fact  that  in  all 
wounds  the  patients  were  put  on  low  diet,  and  more  often  than 
not  blood  was  taken  in  large  quantities,  'to  the  great  weaken- 
ing of  their  patients/ 

As  to  Collmtch's  method.  *  Suppose  a  wound  be  made  with 
a  sword,  or  other  cutting  instrument,  the  length  or  depth  of 
which  signifies  nothing,  I  make  a  solution  of  my  Powder  in 
water,  for  want  of  which,  in  urin  ;  and  as  soon  as  conveniently 
I  c!in — the  sooner  the  better — I  either  squeeze,  or  with  a  s-t/i^mge^ 
if  the  wound  l>e  deep,  inject  into  the  wound  some  of  the  said 
solution  ;  I  then  close  the  lips  of  che  wound  together,  which,  if 
wide  aud  large,  I  stitch  up.  WTien  I  have  so  done,  I  apply  a 
jiledget  of  fine  tow,  wet  in  the  said  solution,  to  the  wound; 
not  letting  it  gt)  into  it,  but  only  to  cover  the  edges  of  it,  and 
lie  all  over  it.  And  if  there  chances  to  be  any  large  artery  cut, 
1  hold  on  the  pledget  close  with  my  hand  till  the  flux  of  blood 
ceases,  which  will  be  in  a  small  time,  otherwise  not'  (he  sjieaks 
of  his  medicine  as  a  htemostatie) ;  *  afterwards  I  bind  it  on  with 
a  very  easy  ligature,  then  I  give  rny  tincture  in  wine,*  In 
incised  wounds  one  drensiug,  or  at  most  itvu,  were  as  many 
as  were  requisite,  the  second  being  apjilied  at  the  end  of  three 
or  four  days.  In  wounds  with  loss  of  snbst^mc-c  more  dressings 
were  necessary,  and  these  were  changed  ouce  in  fuur  days. 

As  to  hia  results,  he  says  : — 

•  First  of  all,  my  medicines  never  cause  any  |>ain,  nnlens  it 
be  just  when  the  external  one  is  squeezed  or  injected  into  the 
wound,  aud  that  pain  is  little  more  than  what  would  be  caused 
by  using  sj>ring  water  in  the  samt'  manner. 

'  Secondly,  there  is  no  pain  nftenvjirds,  but  the  parts  are 
pliant  and  easy,  as  if  not  hurt  at  all. 

'Thirdly,  if  there  has  bin  gjeat  paiu  before,  according  as 
it  hu8  bin  greater  or  less,  so  it  has  bin  longer  or  shorter 
before  taken  off,  but  the  gieatest  in  a  short  time.     As  when  a 
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^woutnl  had  hin  lon<^  received,  and  hud  otlier  ajiplicfitioits  to  it 
before  mine,  had  bin  iimcli  inHaiiiM  and  the  parts  adjacent 
much  swellM,  anti  conseqtieiitly  the  party  in  great  piiin,  all 
these  syin|)toins  have  bin  totftUy  taken  off  in  twenty-four  or 
forty-eight  hours  at  furthest  and  many  tiinett  iu  such  catieri  the 
greatest  |muii  taken  off  in  a  few  niinut««.  But  they  have  never 
bin  the  cause  of  j»;un,  Mwelling,  or  influuiumtiou,  which,  by  the 
way,  is  a  certain  argument  they  are  no  caustics,  as  some  niali- 
eioualy  and  falsely  n^jMjrt. 

'  Fourthly,  tliert^  has  never  any  such  thing  as  a  fever,  let  the 
wound  be  intenial  or  external,  atleudetJ  any  wlio  have  u.sed  my 
medicine  soon  after  they  have  bin  wounded ;  but  several  who 
liave  bin  ill-mimagcd  before,  and  thrown  into  violent  fevers, 
have  in  twenty-foiu"  hours,  by  the  u«e  of  my  medicines,  bin 
totally  freed  from  ^ em,  and  that  without  blwxi-letting  or  ab- 
staining from  flesh  or  wine,  the  more  of  which  they  drink,  so 
they  knep  within  bounds,  I  always  find  them  the  Ix'tter. 

*  Fifthly,  in  all  incised  w'ounds,  where  my  medicines  have 
bin  soon  enough  used,  and  no  other  applinitions  preceded, 
ttiey  are  [lerfeetly  cured  in  a  few  days  without  auppuration,  and 
I  have  frequently  observed  that  at  about  four  days'  end,  such 
wounds  have  bin  filled  with  a  sabHtanct!  inucL  like  hartsfutrti 
jell  if  J  which  I  have  conjectured  to  be  young  flesh,  and  in  two  or 
three  days  I  have  found  my  conjeettu'es  true,  the  said  substance 
being  converted  into  good  flesh.  But  where  wounds  have  bin 
luug  received  and  matter  generated,  they  have  bin  cured  iu  a 
small  time,  without  repeating  the  application  above  once  in 
three  or  four  days.  1  have  Lad  to  do  with  wouiuis  long  re- 
ceived, which  have  bin  both  deep  and  large,  and  by  the 
common  metlnMis  must  have  discharged  a  great  quantity  of 
matter,  but  tlie  quantity  of  matter  coming  away  after  using  the 
medicines,  has  bin  so  small,  that  I  have  got>d  ivason  t-o  cou- 
jectui'e  it  was  no  more  than  what  was  formed  Iwfore  they  were 
applied/ 

These  statements  coirespond  very  much  with  what  are  now 
made  by  the  supporters  of  the  aseptic  method,  und  they  could 
hardly,  more  especially  where  he  seems  to  describe  organisation 
tif  blood  clot,  have  been  imagined  at  that  time.  Supiwsing 
that  this  j)owder  were  an  antiseptic,  the  method  em[>loyed  is 
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practically  the  same  as  tbnt  which  I  have  described  wheu  no 
apniy  ia  at  hand :  fill  the  wound  with  the  anti8ei)tic  lotion ; 
stitch  up  and  apply  your  antiseptic  dressing,  Neudorfer,  who 
also  mentions  Colbatch,  thinks  that  this  powder  was  a  ftalirylate ; 
probably,  on  acTOuut  of  the  smell  of  roses  to  which  Colbatch 
refers,  salicylate  of  ammonia. 


Thus  in  the  seventeenth  century  but  little  real  progress  was 
made.  The  great  aim  was  to  exclude  the  air,  and  to  avoid 
mechanical  causes  of  unrest;  the  chemical  causes  of  unrest 
were  not  ut  all  understt^Mnl.  Colbatch 's  method  seems  to  have 
been  completely  lost,  no  doubt  on  account  of  his  concealment 
of  the  nature  of  the  substance  used. 

Eighteenth  Century  and  the  Coviniencenient  of  the  Niveteentkm 

AUGHSTIN  Bklloste  *  (1700)  reiterates  Magatus's  teaching. 
He  fearri  the  contact  of  the  air,  chiefly  on  account  of  the 
miasms  which  it  contains,  and  in  order  to  exclude  these,  and 
also  in  order  to  obtain  mechainca.1  rest,  he  recommends  in- 
frequent dressings.  He  tills  his  wounds  with  charplt  and 
follows  Magatus  in  not  washing  away  the  pus.  He  advocates 
immediate  niiion  in  cases  where  bones  are  divided.  '  l/exj)^- 
rience  m^a  fiiit  voir,'  says  he,  'en  mille  occasions  que  quand  un 
OS  est  simplement  decouvert,  tout  consiste,  pour  en  ^nter 
I'alt er.it ion,  a  le  defeiidre  des  attaques  de  I'air.  Pour  cet  effet, 
il  fant  prwurer  la  r^^union  de  la  jilaie  le  plus  tot  qu'il  sera 
|HJ8sibIe,  par  le  moyen  des  bandages  jiropres  et  des  rem^ea 
balsamiques,  sans  la  dilater  avec  les  tentes  et  les  bourdonnets; 
j»ar  la  Tos  se  recouvre  promi»temeut,  et  on  evite  Texfoliation, 
qui  est  absolument  necessaire  quiind  on  a  donne  le  temps  a  Fair 
{Ty  faire  yes  iiiq>ressions,' 

In  1706  Parmanus'  sj^aks  of  a  lotion  which  he  uses  for 
wounds,  which  'resists  jmtrefaction,  prevents  ill  accidents,  and 
takes  away  the  inflammation  and  pain  of  the  wound.'  His 
dressings  were  kept  constantly  moist  with  this  lotion,  and 
changed  once  in  two  or  three  days. 

In  the  same  year  Anel  '  published  an  account  of  a  method  of 

*  Le  ekirHTtjien  d' TTopital,  1707.  '  Ckirurgia  f\iri<aat  1706. 

'  Purtal's  Sittoire,  iv.  398. 
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evacuating  abscesses  by  aspinition,  without  leaving  an  open 
wound.  A  similar  kind  of  instrument  for  the  purpose  of  re- 
moving blood  from  the  thorax  had  been  previously  described  by 
Delacroix  (1573). 

As  we  have  seen,  the  dread  which  surgeons  as  a  rule  up  to 
this  time  entertained  of  admitting  air  to  wnunds  was  not  so 
much  because  it  caused  putrefaction  of  the  discharges  of 
wounds,  but  because  it  contained  miasms  which  were  hurtful 
to  the  patient.  The  connection  }>etween  intenial  abscesses  and 
wounds  had  been  luu*dly  as  yet  ob8er\'ed,  anil  it  was  not  till 
Boerhaave  wrote,  that  this  connection  was  recognised^  and  that 
R  putrid  discharge  in  a  wound  became  a  thing  to  he  avoided.* 

Boerhaave'  (1720)  pointed  out  the  frequency  of  internal 
abscesses  after  certain  injuries,  and  he  ascribed  this  to  the  ab- 
8oq)tion  of  |>us  by  the  open  oriticen  of  the  veins  of  the  woimd. 
Boerhaave  went  further,  and  uscribed  the  evil  eSects  to  the 
putridity  of  the  pus.  This  is  very  evident  in  the  following 
quotations,  whicli  Jciinncl  ( Pyohemie)  gives  from  Roerhnave's 
aphorisms;  *&i  turn  relinquitur  (pus)diu  in  loco  clauso,  atteuu- 
atur,  acre  tit^  putrescit,  augctur,  vicina  consumit,  orodit,  mole, 
pondere  et  motu  sinus  fistuhisque  creat  variis  locis,  varias, 
pessimas  in  intestino  recto;*  and  also,  *Aut  dissipata  parte 
tenuiori  reliquum  durescens  tumores  duros,  maxime  circa  glan- 
duloH  creat,  vrl  deniqne  (pus)  vpnis  lymphatieis  aut  sangui- 
feris,  per  eroso  osculo  impressum  ahsorbetur,*  &c.  Jeannel  also 
quotes  passages  from  Pare  to  show  that  he  attributed  the  fever 
which  accompanied  wounds  to  a  putrefactiitn  of  the  pus. 

Boerliafive's  views  were  adopted  by  Le  Diian**  and  Heister; 
and,  in  1741,  we  find  the  necessity  of  frequent  dressings,  in 
order  to  prevent  putrefaction,  strongly  urged  by  CoL  de 
ViLLAKS.*  The  latter  author  advises  that  if  there  be  much 
suppuration,  the  dressing  should  be  changed  twice  a  day.     He 


*  That  wounds  of  the  skull  were  Apt  to  be  followed  bj  absoc'sses  In  tho. 
liver  was  Inn^  before  noticed  by  Par6  and  others,  but  the  eignificance  of  tbe 
fact  was  n«»l  understood. 

*  Aphi*n$mit  cttncflrninff  the  A'lttnrMffe  and  Chtrr  of  DUeate,  ttaaeiaied  br 
Dclncnste,  1715. 

■  Billroth,  ITutorischa  Studien  iiber  dit  BeurtheiluiiffeH  der  SchiutintftdeH, 
1859. 

*  C^NTg  d0  Chirurgie,  ii.  1741. 
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pmploye<l  compn^sses  soaked  in  wine  or  iu  Iialsams,  such  as 
the  bali»am  of  Arcseus,  or  covered  with  an  ointment-  consisting 
of  equal  |»art9  of  wax,  tuq>entine,  and  nil  of  hy|>erirum.  In 
order  to  avoid  the  contact  of  the  air  the  dressing  was  changed 
JIB  i|uickly  ivs  ]K>siiiible. 

Hfister  '  (  17j3)  used  halsiim.-*  very  extensively,  not  because 
he  held  that  they  conduced  to  form  new  flesh,  but  chietly  be- 
cause they  removed  everything  that  might,  hinder  that  pro- 
cess, more  especially  putrefaction.  In  order  to  prevent  the 
access  of  air,  which  he  considered  hurtful,  the  surgeon  was  in- 
struet-ed  not  to  remove  the  old  dressings  till  the  new  were  rendy 
for  application,  Heister  attended  to  the  drainage  of  his  wounds, 
and,  if  necessary,  he  made  a  counter-o]x*ning  into  which  he 
intrnduced  a  piece  of  lint  covered  with  some  sort,  of  balsam. 
The  edges  of  the  wotmd  were  brought  together  either  by  stitches 
or  by  pkisters  com]»osed  of  various  bals;iras. 

The  most  important  work,  however,  in  which  the  action  of 
autise]>tics  is  es|>ecially  recommended,  was  BlLorKU's*  (17G4), 
His  method  of  treatment  in  all  kinds  of  wounds  consisted 
essi-ntially  in  filling  all  the  recesses  of  the  wound  with  antisejH 
tics,  and  laying  over  the  wound  a  piece  of  lint  dip|>ed  in  an 
antiseptic  solution.  His  method  is  s[>ecial!y  described  in  con- 
nection with  cases  of  mortification.  He  makes  incisions  through 
the  dead  ]»arls,  which  incisions  should  be  large  and  numerous, 
but  should  not  touch  the  living  ]>art.  He  then  sqneezes  out 
the  corrupted  humours,  and  poiu-s  in  the  following  mixture :  *  Of 
frankincense,  mastick,  sareocolla,  and  myrrh  finely  ])owdered, 
tnie  balsam  of  Peru,  and  genuine  essential  oil  of  cloves — 
e<]ual  piirts  ;  of  balsiun  of  F'ioraventi,  as  much  as  may,  after 
mixing  all  the  ingredients  overn  very  gentle  fire,  form  a  thin 
liniment/  Over  this  is  laid  some  dry  lint,  thoroughly  sprinkled 
with  a  powder  composed  of  '  an  ounce  of  myrrh  finely  jxjwdered, 
luilf  an  ounce  of  sal-iimmoniac,  camplior  and  nitre — of  each  a 
drachm.'  Tf  necessary,  fomentations  may  be  apjtlied  outside  this. 
These  fomentations  should  be  comi)Osed  of  *a  ]>int  of  lime- 
water,  3  ounces  of  camphorated  spirits  of  wine,  and  1^  ounce 

*  GrttrroJ  Sijfhw  i\f  Surtjt-ry,  Ui\\\v\fi\Oi\  17**3. 

*  A   IMMcrttithm  on  thr  Inutility  of  thr  Atujiuttt/utn   nf  thr  hiaihit.  with 
notea  by  M.  Tissot,  1764.        . 
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of  sal-ammoniuc/  A  \'ariety  of  other  mixtures  and  methods  of 
treatment  are  mentioned,  but  the  quotations  will  show  the 
lential  j>riintM. 

In  this  methoti  the  thorough  application  of  these  sub- 
stances would  no  doubt  result  in  complete  asepticism ;  and  the 
results  which  he  obtained  are  very  remarkable.  From  his  ex- 
perience, he  sets  his  face  strongly  against  am[mtati(>n.  He 
says :  *  The  cutting  off  a  limb  being  the  severest  means 
employed  in  surgery  f<^r  the  relief  of  mankind — an  operation 
which  every  one  bdhnlds  with  horror — I  cannot,  I  imagine, 
better  accomplish  my  design,  or  do  a  greater  service  than  by 
donionstmting  that  the  rases  wherein  amputation  is  npressiary 
are  much  less  frequent  than  has  been  hitherto  snppused,  and 
that  it  may  even  be  almost  totally  dispensed  with.' 

With  regard  to  his  resuhs  he  nays :  '  I  have  had  under  my 
care,  during  the  course  of  the  late  bloody  war,  a  greftt  number 
of  wounded  limbs,  torn  and  shattered  by  cannon  and  musket- 
halls,  by  the  bursting  of  bnmlvshclls  and  gi'enades,  by  gmpe- 
shot,  &c.  I  cm'eJ  them  without  ever  peifonnlng  am}mtation 
.  .  ,  althougli  there  were  bones  broken  and  shattered,  large 
blood-vessels  divided,  the  flesh  miserably  lacerated,  and  limbs 
earned  off;  others  in  which  the  bones  were  split  up  as  high  as 
the  articulation ;  all  which  circumstances  might  make  us  rea- 
sonably apprehend  a  tedious  and  difficult  cure,  too  plentiful  a 
supjiuration,  luemnrrhages,  violent  inflammation,  excessive  cor- 
ruption, mortification,  and  death/  .  ,  , 

'  I  had  at  one  time,  during  the  war,  in  a  military  hospital, 
B61S  wounded  i>ersons,  who  were  all  treated  according  to  my 
direction,  and  part  of  whom  I  attended  myself.  (.*f  tliese,  5557 
persons  were  perfectly  cured,  and  in  a  condition  to  support  all 
the  fatigues  of  the  service  ;  195  were  able  to  do  duty  in  gaiTi- 
son — what  they  call  "  half-invalids  " — or  to  work  at  any  trade ; 
213  remained  ineapabln  of  any  labour,  civil  or  militjiry,  what 
they  call  "grand  invalids,"  and  653  died.* 

The  195  and  213  invalids  belonged  to  the  class  of  cases 
who  had  their  bones  bruised,  brt)ken,  or  shattered.  After  a 
cnlrulation  which  I  need  not  go  into,  he  very  reasonably  con- 
cludes that  'much  the  greater  part  of  these  408  men  cured 
and  sent  to  the  Invalides  woidd  Imvp  died  if  amputation  had 
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been  performed.'  He  compares  this  with  the  *  prodigious 
number  of  wounded  men  who  at  the  beginning  of  the  war  had 
their  limbs  taken  oflF  on  account  of  dangerous  wounds,  of  whom 
scarce  one  or  two  escaped  with  their  lives/  He  concludes 
thus  :  '  Further,  if  it  be  considered  that  many  of  those  who  died 
might  have  recovered,  had  tliey  bt'en  taken  care  of  anywhere 
eUe  than  in  an  hospital,  where  the  air  is  very  bad,  and  if  it  be 
called  to  mind  at  the  same  time,  what  some  very  eminent  sur- 
geons have  observed,  that  two-thirds  of  those  die  who  have 
their  limbs  cut  off,  I  hope  it  will  be  readily  acknowledged 
that  my  method  of  treating  wounded  limbs  by  saving  them,  is 
highly  preferable  to  that  of  amputation.' 

As  a  contrast  to  this  method  1  may  refer  to  that  used  by 
pEnciVAL  Porr  '  (1768)  in  comiH>und  fractures.  \M3ere  the 
limb  is  t rwit^'d  conservatively,  he  recommends  immediate  reduc- 
tion, and  then  he  mentions  two  requisites:  1.  The  mainten- 
ance  of  a  projwr  oi>ening  for  the  free  escajie  of  discharges — a 
counter-opening  being  made  if  necessary ;  and  2.  The  preven- 
tion of  intiammations  in  order  that  the  wound  may  heal,  as  far 
as  jKtssible,  by  first  intention.  His  dressing  was  a  piece  Of  dry 
lint  next  the  wound,  and  outside  this  a  *  jiledget  spread  with  a 
soft,  easy  digestive.*  As  the  result  of  this  treatment  in  com- 
pound fractures,  wounds  of  joints,  Ac,  he  thinks  that  the 
patient  has  the  best  chance  by  immediate  am]>utation.  Thus 
Bilguer,  by  his  piles  of  dressings,  but  these  acting  more  or  less 
completely  on  aseptic  principles,  regards  compound  fnicture  as 
a  much  more  favourable  accident  than  does  Percival  Pott  with 
his  simple  non-antiseptic  dressings. 

Towards  the  end  of  this  century,  the  evil  influences  of  air 
on  wounds  was  brought  very  prominently  forwanis,  more  espe- 
cially iu  England.  About  this  time  PuiN^iLE^  published  a  work 
on  the  diseases  of  the  army,  iu  which  be  speaks  of  disejisea 
arising  in  consequence  of  foul  air,  and  narrates  a  series  of  ex- 
j>eriments  made  with  various  antiseptic  substances. 

In  1784  Benjamin  Bell'  published  his  treatise  on  the  theory 
and  manitgement  of  ulcers,  in  which  be  R|>eak8  veiy  strongly 

*  Chirurpral  W&rht^  edited  by  Sir  .Tames  Rarle,  1808. 

•  OhsciTtt/ioMs  on  the  Disciite*  of  tfit-  Armtf,  third  edition.  17CI. 
■  Trrati4€  oh  the  Theifry  nnd  .\faniu/etHrnt  of  Clccrt,  1784. 


VEyjAMlS  BELL, 


ao$ 


I 

i 


of  the  bad  effects  of  air:  'The  bad  effects  of  air,'  says  he,  *0Q 
every  species  of  sore  are  well  known  to  every  practitioner,  but 

iU  pernicious  influence  on  a  newly  opened  abscess  is  often 
really  astonishing.  It  fir.st  occasions  a  total  change  in  the 
uaturc  of  the  matter,  from  jierhaps  a  very  laudable  pus  to  a 
thin  ill-digested  sanies,  and  afterwards  brings  on  a  quickness  of 
|)ulse,  debilitating  sweats,  and  otiier  symiitoins  of  hectic  fever, 
which  for  the  moat  jiart,  when  the  collection  has  been  con- 
siderable, eitlier  cjirripR  the  patient  ofT  in  a  short  time,  or  ter- 
minat-es  in  a  confirmed  phthisic,  which  Hooner  or  later  ]»roves 
fatal.'  How  air  acts  he  does  not  know,  but  he  thinks  that  it 
may  stimulate  the  absorbents  to  greater  absoqjt-ion  of  ptis, 
*and  it  may  likewise,  by  rendering  the  matter  more  putrid  than 
before,  give  even  to  the  same  quantity  greater  activity  in  pro- 
ducing the  different  symptoms  of  hectic'  On  this  ])rinciple 
(of  preventing  putridity)  he  would  account  for  the  operation  of 
many  of  the  remedies  commonly  employed  at  that  time  in  the 
treatment  of  sores.  As  a  means  of  avoiding  ill  these  dangers, 
he  recommends  the  introduction  uf  a  scton  into  an  abscess, 
and  he  thinks  that  the  progress  of  cases  so  treated  is  better 
than  that  of  those  in  which  the  abscess  is  laid  freely  open.  In 
hydrocele,  however,  he  fuund  that  the  use  of  the  seton  was 
followed  by  great  pain  and  constitutional  disturbjmce.  From 
what  lias  gone  before  it  will  be  readily  understootl  why  such 
disturbance  rei^ulted,  and  also  that,  in  the  case  of  the  abscess, 
no  real  benefit  was  derived. 

Benjamin  Bell  also  used  leaden  drainage  tubes.  In  incised 
wounds,  after  bringing  the  edges  together,  he  applies  *  no 
dressings  except  a  thin  covering  of  soft  lint  to  protect  the 
]>arts  beneath  from  c<'Id,  and  to  keep  out  the  air.' 

He  is  always  reiterating  the  statement  that  *  nothing  jiroves 
more  hurtful  to  sores  than  exjiosure  to  the  air;'  and  he  directs 
his  effijrts  to  excluding  the  air  by  closely  ai>plied  ointments,  ^c. 
He  also  details  the  dis;i.strous  results  of  wounds  of  joints,  imd 
he  says  that  many  authors  advise  immediate  amput:ition  in 
such  cases.  In  small  wounds,  however,  he  draws  down  the 
skin  and  stitches  it  in  such  u  ^>osition  as  to  make  a  valvular 
(»pcning. 

He  proposes  a  valvular  incision  for  the  removal  of  cartilages 
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from  joints  where  the  cartilages  are  quite  loose,  but  where  they 
are  attached  to  any  part  of  the  synovial  membrane,  and  the 
pain  is  insup}X)i'table,  ho  would  advise  amputation  as  *  less  jmin- 
ful  as  well  as  lesn  hazardi.ms,' 

Similar  views  as  to  the  bad  effects  of  air  on  wounds  were 
ex}^reesedby  Hnon  Ml^XRO*  (1792):  and  heagreeswith  Bell  in 
attributing  the  disastrous  consequences  following  wounds  of 
joints  and  incisions  into  psoas  abscesses  to  the  entrance  of  air 
and  the  putrefaction  of  the  discharge. 

Alexandek  Mlnko'^  (1788)  had  previously  written  on  the 
bad  effects  of  air  on  serous  sacs,  but  he  thiuks  the  coldness  of 
the  air  is  their  chief  cause. 

James  Latt.v*  (1795)  gives  the  teaching  of  the  Edinburgh 
school,  which  is  essentially  that  of  Benjamin  Bell.  He  says  tliat 
the  admission  of  air  int<i  abscesses  'is  immediately  attended 
with  rtymp*^"nis  of  jmtridity;  the  jtus,  which  at  first  was  white, 
thick  and  free  from  any  foetor,  becomes  instantly  thin,  foetid, 
and  corrosive  ;  a  quick  pulse  and  hpcHc  sweats  come  on,  from 
which  the  jvatient  scarcely  recovers,  if  the  collection  of  matter 
has  been  very  large/ 

In  the  FATYCLOPfiDiE  MfiTHomgrE  (1790)  Alexander  ^lunro's 
idea  as  to  the  coldness  of  the  air  being  the  injurious  factor  is 
upheld,  but,  at  the  same  time^  the  impurity  of  the  air  is  also 
brouj/ht  forw:ird,  iind  an  attempt  is  made  to  })rove  its  influence 
by  citing  the  ilillVretit  results  of  aiii]nilatioiis  in  town  and 
country. 

I'he  advocate  of  the  bad  eftecls  of  air  who  succeeded 
in  tuming  his  views  to  the  best  account  was,  however, 
AHERNHH'Hy*  (1793).  He  iirst  points  out  in  his  *  Essay  on 
Lumb;ir  Abscesses*  that  'whilst  the  condensed  cellular  sub- 
stance which  forms  the  cyst  of  an  abscess  remains  entire,  it 
continues  free  from  inflammation, and  the  contained  pus  suffers 
no  putrefaction,  nor  evident  alteration  of  qualiiy;  .  .  ,  when- 
ever the  abscess  is  ojiened,  eitlier  by  uke'ration  or  by  the  hand 
of  the  surgeon,  a  sudden  and  generally  considemble  inflamma- 
tion extends  over  the  whole  cyst.    This  is  followed  by  a  copiotis 

'   A  C4WtjnnfiioHM S^tilrw}  p/fhr  T/inrrtfand  I*rar^i(rvf^fl»ff'm  Snrgrry,  1792. 
•-'  liurtur  Mutu^ir,  178S.  ■  Pntrticul  SyxtttH  nf  SurtjiTtj,  1706. 

*  f^urtjieiii  and  Ph^tioitifjieal  EgmffH^  17fl3. 
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discharge  of  frequently  ftetid  pus,'  Abernethy's  writings  are  so 
well  known,  and  30  well  worthy  of  jKirusal,  that  it  is  unnecessary 
for  me  tn  discuss  thera  in  det^iil.  His  jirinoiple  of  tre;itment 
was  to  reduce  the  size  of  the  cavity  to  a,H  smul!  dimensions  as 
possible  by  successive  tap]>ing8  of  the  abscess,  and  when  this 
was  done,  the  remaining  sac  was  opened.  This  method  was 
first  can-Jed  out  by  drawing  off  the  jms  by  means  of  a  trocar 
and  canula,  hut  that  was  soon  abandoned  for  a  valvular  incision. 
Several  <'anes  are  recorded  which  clearly  show  the  advantages  of 
the  mcthtxl. 

In  investigating  the  reason  why  air  does  harm,  Abemethy 
discusses  the  \news  as  to  whether  it  is  on  ;iccount  of  some 
irritating  property  which  it  possesses,  or  by  causing  putrefaction. 
He  concludes,  from  observation  of  the  phenomena  eeen  in  em- 
physemit,  and  also  frL>m  Astley  Cooper's  experiments,  in  which 
he  inflated  the  abdomen  with  air  without  causing  any  harm, 
that  the  first  supposition  cannot  be  correct.  Nor  does  he 
think  that  it  is  the  putrid  mattt-r  which  dors  the  harm,  for  *  if 
the  matter  had  only  an  incomplete  discharge,  if  it  was  confinwl 
in  11  state  of  putrefaction,  and  thus  applied  to  the  surface  of 
the  abscess,  it  surely  would  br*  in  some  deface  injurious,  but 
as  tlie  outlet  in  general  is  suffirieut,  and  as  the  former  matter 
is  washed  away  by  that  whicli  is  newly  secreted,  this  is  not 
likely  to  be  a  common  occurrence/  His  belief  is  that  it  is 
jKirtly  the  primary  injury  to  the  cyst  when  it  is  opened,  but 
chiefly  the  constant  action  of  the  air.  *  The  circumstances, 
however,'  he  says,  'are  different '  (from  those  in  Astley  CoofMir's 
experiments).  *\Vhen  the  upeiung  is  i>ermanent,  a  constant 
renewal  of  air  is  permitted;  and  the  aytplication  of  a  matter  so 
unusual  to  these  surfaces,  I  am  inclined  to  believe,  does  harm.' 

In  his  *  Ijeetures  on  the  Theory  and  Practice  of  Surgery' 
(1830),  he  si)eaksof  the  objects  to  be  aimefl  at  in  the  treatment  of 
wounds,  viz.  ]M>sttion,  accm-ate  xuiinn,  avf)idanoe  of  movement 
or  tension,  and  prevention  and  mitigation  of  inflammation. 
Stit^^hes  are  liadj  and  he  uses  j)lasters  instead.  He  approves  of 
lea\'ing  wounds  open  till  they  become  gljued,  and  then,  when 
the  edges  are  brought  together,  he  covers  I  hem  very  lightly  or 
leaves  them  quite  exjjosed. 

The   dangers  of  air,  and   the  advantages  of  the  valvular 
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melluKl,  were  accepted  by  the  leading  German  wriiera  of  this 
|}eriod» 

JoHANN  CiiHisTUN  AxTCJN'  Theprn  '  (1795)  ii*iwi  a  loiioo  for 
wountls,  consisting  essentially  of  sorrel  water  and  alcohol.  He 
Hpeaktt  of  wiiHhing  out  wounds  with  warm  wine,  then  bringing 
the  edges  together,  and  applying  compresses  soaked  and  kept 
moistened  in  this  lotion.  He  does  not  regard  wounds  of  joints 
a«  so  dangerous  as  other  writers  have  made  them  out  to  be ;  and 
lie  mcntionn  n  t'n^o.  of  com]K}und  fracture  of  the  olecranon  from 
u  (iwonl  cut,  in  which  there  was  but  little  fever  and  discharge, 
and  the  joint  was  ultimately  only  somewhat  stiff.  Three  cases 
of  removal  of  loose  cartilages  from  the  knee-joint  are  narrated. 
Pressure  was  made  dviriog  the  ojieration  so  as  to  prevent  the 
uDtrance  of  air,  and  then  bis  lotion  was  applied.  Two  case8 
ditl  well,  the  thin^l  patient  got  a  'malignioses  Fielder'  after  the 
operation,  and  died.  Thedeu  does  not  think  that  tlus  bad 
result  was  a  consequence  of  the  operation. 

AuorsT  GuTTiJKii  RiCHTKH  (1799)' advocates  the  free  re- 
moval of  i»u»  by  counter-openings  if  necessary.  He  used  various 
digestive  ointments,  and  rather  tended  to  the  old  style  of  stuffing 
an  open  wound  without  employing  any  special  antiseptic  means. 
It  is  intercHtiug  to  note  that  with  him  the  question  of  amputa- 
tion in  gunshot  injuries  and  com]>ounH  fractm^es  is  brought 
prominently  to  the  front.  He  fearn  :m  nbsoqition  of  ]>us,  if 
attempts  lu-t*  made  to  save  the  limb,  and  this  absorption  is, 
according  to  him,  always  followed  by  dtoith.  Jie  advocates 
Abenicthy'g  meth»xl  of  opening  Innikir  and  i>soa5  abscesses. 

These  views  ns  to  the  bad  effects  of  air  on  wounds  and  in 
abscess  cavities  were  not  allowed  to  jiass  unchallenged,  and 
Were  es|>ecially  objected  to  by  J"hii  Hunter  and  John  IJell. 

JoiJN  HrNTKii  (1792)^  ascribL'ti  the  biulcousequenees  follow- 
ing a  wound  to  the  injury  itself,  and  not  to  the  action  of  the 
air.  A  disposition  in  the  jmrt  to  iiitlaminatory  Jietion  may  also 
be  supenulded.  In  fti)eiikiug  of  the  view  that  air  is  u  cause  of 
s!i|»pnration,  he  s»ys  :   *  Viuioiis  have  been  the  opinions  on  this 
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subject '  (the  question  of  inflammation  in  wounds) ;  '•and  a«  every 
violence  committed  from  without,  under  the  circumstances 
before  mentioned,  is  exposed  more  or  less  to  the  smrounding 
air,  the  apiilicatioTi  of  this  matter  to  intprnal  surfaces  has 
generally  been  assigned  as  a  cause  of  this  inflammation  ;  but  air 
certainly  has  not  the  least  effect  upon  those  parti*,  for  a  stimulus 
would  arise  from  a  wound  were  it  even  contained  in  a  vacuum. 
Nor  does  the  air  get  to  the  ^xirts  that  form  circumscrilx'tl 
abscesses,  so  as  to  be  a  cause  of  their  formation ;  and  yet  they 
as  readily  suppumte  in  consequence  of  inflammation  as  ex[>osod 
Burfaces. 

*  Further,  in  many  cases  of  emphysema,  where  the  air  is 
diffused  over  the  whole  body,  we  have  no  s\ich  effect — and  this 
air  not  the  purest — excepting  there  is  produced  an  ex^wsure  or 
imperfection  of  ttome  internal  surface  for  this  air  to  make  its 
e8ca|3e  by,  and  then  this  part  inflames.  Nay,  as  a  stnmger 
proof,  and  of  the  same  kind  with  the  former,  that  it  is  not  the 
admission  of  air  which  mjikes  parts  fall  into  inflammation,  we 
jind  that  the  cells  in  the  soft  ]>arts  of  birds,  and  many  of  the 
cells  and  canals  of  the  bones  of  the  same  tribe  of  animals, 
which  communicate  with  the  lung,  and  nt  all  times  have  more 
or  less  air  in  them,  never  inflame  ;  but  if  these  cells  are  ex- 
posed in  an  unnatural  way,  by  being  wounded,  &c.,  then  the 
stimulus  of  imperfection  is  given,  and  the  cells  inflame,  and 
unite,  if  allowed ;  but  if  prevented  they  then  suppurate,  granu- 
lat-e,  &C-. 

'The  same  observation  is  ai)plicable  to  a  wound  made  into 
the  cavity  of  the  abdomen  of  a  fowl,  for  there  the  wound  in- 
flames and  unites  to  the  intestines  to  make  it  a  perfect  cavity 
again ;  but  if  this  imion  is  not  allowed  to  take  place,  then  more 
or  leas  of  the  abdomen  will  inflame  aud  suppurate, 

'  If  it  was  necessary  that  air  should  be  admitted  in  order  for 
suppuration  to  take  place,  we  should  not  readily  account  for 
suppuration  taking  place  in  the  nose  from  a  cold,  iis  that  part 
is  not  more  under  the  influence  of  air  at  one  time  than  at  another ; 
nor  is  the  urethra  in  a  gonorrhoea  affected  by  the  air  more  at  that 
time  than  at  any  other;  thes«;  jmrt^  being  at  all  times  uuder  the 
same  circumstances  with  resjiect  to  uir.  Therefore,  there  must  be 
another  cause.*     Truly  there    is   another  ciuise,   as    has    becu 
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already  demonstrate*!,  but  not  tlie  one  John  Hunter  f)U|>|)osed, 
as  we  shall  see  when  we  couHider  the  results  of  subcutaneous 
injuries  and  suheutaueous  opemtious, 

John  Hunt^'r's  treatment  of  wounds  is  very  simple.  He 
wished  to  allow  nature  to  perft>rm  her  wf>rk  herself,  simj^lj 
applying  poultices  or  ointments  to  allow  the  protecting  dress- 
ing to  come  off  easily. 

It  is  in  his  views  on  healing  hy  scabbing  that  we  are  mainly 
interested!.  He  observed  that  when  blood  dried  on  a  wound, 
that  wound  often  healed  without  sujipuration ;  and  hence  hit 
concluded  that  a  scab  was  an  obstacle  to  suppunUion,  chi»»fly 
because  it  precludes  the  necessity  for  the  fonnation  of  discharge 
to  act  as  a  covering  for  the  exposed  surfaces.  He  considered 
that  it  was  the  best  jiractice  to  let  sujierficial  wounds  scab 
over.  Many  deejv-se^it^d  wounds  also,  where  the  deep  jmrts 
are  in  contact,  may  be  allowt^d  to  scab.  This  ought  likewise 
to  be  done  iu  eases  of  ei>m|)**und  fracture  with  a  small  extpmal 
wound.  In  large  wounds  this  formation  of  a  scab  did  not 
always  succeed,  but  he  did  not  think  that  there  was  any  danger 
in  trying  to  get  it.  In  such  canes  the  crust  fonnation  could 
be  aided  by  the  sprinkling  of  powders  over  the  surface,  such  as 
chalk  or  lapis  calamiuiu-is.  Where  suppuration  occurred  under 
the  crust,  he  did  not  even  then  remove  it  in  the  iirst  instance, 
but  pressed  out.  the  jms  in  the  hope  that  the  remainder  might 
dry  up.  When,  however,  it  was  evident  that  harm  was  being 
done,  he  applied  ]H>uItices  and  removed  the  crusts. 

John  Bkll  '  likewise  denie4l  that  the  bad  residts  of  wounds 
were  due  to  tlie  admission  of  air.  In  the  edition  of  his  *  Prin- 
ciples of  Surgery,'  edited  in  1826  by  Charles  Bell,  he  opjioses 
strongly  the  idea  that  air  can  in  any  way  cause  infianmiation, 
and  he  criticises  severely  Mxmni's  book  on  the  *  Bursa?  ^Incosae.' 
He  points  out  that  in  the  case  of  abdoininnl  wounds  or  of  psoas 
abscesses  air  cannot  enter  the  cavity.  He  further  adds:  *  That 
the  air  which  we  breathe,  and  wliich  we  feel  n]>on  the  surface 
so  bland  and  ilelightful,  should  have  so  opposite  a  relation  to 
the  intemiil  part,'*,  that  it  should  there  be  a  stimulus  more 
acrid  and  more  dangerous  than  the  urine  or  bile,  is  not  to  be 
believed  upon  slight  grounds  :  this  misfortune  of  inflammation 
I^Ncijtlrs  of  Sifrgtry,  edited  hy  Sir  Charles  Pell.  1826. 
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running  so  quickly  rountl  ;ill  the  surfaces  of  shut  sacs,  where- 
ever  they  happen  t<)  be  wimnded,  proceeds  altogether  from 
another  source,  simple  and  plain  to  the  last  degree.  For,  in 
the  wound  of  any  shut  cavity,  where  the  parts  do  U'tt  adhere, 
the  inflamraaliou  spn-ads  and  inus  its  course  by  a  law  of  the 
animal  economy,  which  we  explain  very  ill  when  we  call 
adhemou,  tlit^  adhL'sive  ntage  of  iufljunmation,  representing,  as 
the  first  stage  of  a  most  dangerous  disease,  that  adhesion  which 
is  a  natunil  and  healthy  action,  the  most  natural  in  all  the 
system,  and  the  farthest  from  disease.  Thus,  in  a  wound  of  the 
breast  or  belly,  in  a  joint,  or  in  any  shul  sac,  if  the  [mrts,  being 
neatly  laid  together,  should  once  adhere,  then  there  is  no 
swelling,  no  pain,  no  formation  of  matter,  the  ]«irts  are  well 
and  s<iund  in  the  very  moment  in  which  they  adhere;  thus  it 
is  sometimes  in  naiTow  or  planting  wounds.  But  if  the  wound 
he  broad  and  open,  or  if  the  least  thing  keeps  the  lips  apart 
from  each  other,  or  if  they  rnn  into  JnHamniation,  (lien  the  lips 
turn  away  from  each  other,  matter  forms,  the  wound  inflames, 
and  not  the  wound  only,  but  also  the  wounded  caivity  inflames, 
so  that  if  it  be  in  a  vital  part*  the  man  dies/ 

In  speaking  of  comjinund  fradnres  and  dislocations,  after 
citing  the  opinion  of  French  surgeons,  chiefly  Palfin  and 
Duvemey,  that  amputation  shouUI  alwa^'s  be  performed,  he  says: 
*  We  do  not  comply  with  any  such  harb;irous  rule;  .  ,  ,  we  know 
that  nature  will  do  wonders,  but  they  are  wonders,  and  we 
never  enter  upon  the  attempt  of  preserving  a  limb  thus  desper- 
ately fractured  without  awfid  hesitation,  and  when  we  do  venture 
to  dilate  the  wound,  and  push  hack  the  hones,  or  saw  them 
off,  we  feel  all  the  responsibility  of  what  we  have  just  done.' 

Of  woundsof  joints  he  Himilarly  says:'  '  We  here  pronounce 
the  opinion  which  we  have  too  often  t^^  deliver  in  common 
practice,  that  ojienings  into  inflamed  joints  are  fatal ;  and  though 
there  are  in  every  book  cases  of  anchylosed  joints,  we  cannot 
forget  that  for  one  that  has  escaped  by  anchylosis,  thousands 
have  died.'  Such  are  the  results  of  his  treatment,  founded  on 
the  views  we  have  quote<i. 

He  says,  with  regard  to  the  methods  of  treatment ;  *  When  a 
modem   surgeon  allows  himself  to  talk  about  the  mundif3nngy 

'  I}itconr*eii  on  the  Xature  and  Cttrf  of  \\'oun4i*,  1812. 
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incaroing,  anti  cic^itrising  of  wounds,  or  directs  how  to  fill  the 
wound  up  with  good  and  sound  flesh  and  keej)  it  to  a  fair  and 
even  level  with  the  adjacent  skin,  he  but  proclaims  his  own 
ignorance  of  the  proin'rties  of  the  living  body,'  What  we  have 
to  do,  is  to  *■  iin\e  the  patient  from  immediate  bleeding,  and  to 
lay  the  wounded  jjarts  so  cleanly,  so  neatly,  and  so  evenly  in 
contact  with  each  tdher,  that  they  may  adhere.  The  rest  we 
leave  to  nature.' 

Sir  Charles  Bell,'  although  imbued  with  his  hrother*8 
teaching,  recommends  the  valvular  method  in  removing  loose 
cartilages  from  the  joints,  and  states  that  where  the  cartilage 
has  escajjed  into  the  joint  during  the  operation,  the  consequences 
are  generally  disastrous,  on  account  of  the  exposure  of  the  joint. 

iSuch  is  a  short  abstract  of  the  views  held  by  the  greatest 
surgeons  of  our  country  as  to  the  effect,s  of  air  on  wounds  ;  but 
whatever  conclusions  were  come  to,  the  good  results  of  Aber- 
nethy*s  valvular  method  were  so  evident  that  it  was  generally  re- 
commended. As  we  have  seen,  Richter  and  Theden,and,  I  may 
also  say,  Arnemanx,'  adopted  and  advised  it ;  and  Samuel 
Cooper^  (1807)  eays  of  it  :  *  I  must  consider  it  in  the  present 
state  of  surgery  as  the  only  one  warrantable.'  Cooper  also 
recommends  a  valvular  incision  for  the  removal  of  loose  carti- 
lages. He  does  not  think  that  the  situation  of  the  incision^  a 
]»oint  on  which  great  stress  was  laid  by  some  at  that  time,  is  of 
any  consequence,  but  he  makes  it  in  a  valvular  manner,  brings 
the  edges  of  the  wound  accurately  together^  and  keejts  the 
limb  extended,  and  completely  motionless.  He  considers  that 
the  dangers  of  such  ojieratirms  have  been  much  exaggerated, 
*  but,  making  every  allowancu  for  the  influence  of  jirejudice,  a 
man  must  be  very  sceptical  indeed  who  does  not  consider  the 
wound  of  a  large  joint  like  that  of  the  knee  attended  with 
real  cause  for  the  apj^rehension  of  danger.' 

In  1808  Jonx  Pearson*  wrote  against  Abemethy's  method 
of  ojiening  psoas  abscesses,  and  in  favour  of  allowing  them  to 
burst.  He  says:  'The  instjinces  of  those  who  perfectly  recover 
from  the  em]»yema  psoadicuui  are  few  in  number  when  com- 
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pared  with  those  to  whom  it  proves  fatal/  That  his  results 
were  not  so  good  as  those  obtained  by  Abeniethy'8  method  in 
evident  from  bis  description  of  the  course  of  psoas  abscess. 
He  saya:  'Whether  the  abficeBs  be  0{>ened  artificially,  or  be 
permitt^ed  to  ojken  by  a  spontaneous  ruptTire,  a  very  large 
quantity  of  jjurulent  matter,  of  the  densiity  of  gtxxl  pus,  but  often 
inclining  to  a  cineritious  colour,  is  genenilly  evacuated  from  its 
cavity-  l^*^  daily  discharge  of  pus  also  greatly  exceeds  thti 
quantity  that  might  be  exjiected  from  a  tumour  of  that  api>arent 
magnitude.  The  sore  frequently  puts  on  a  scrofulous  aspect, 
all  the  hectical  symptoms  increase,  ami  the  j>atient  is  gradually 
deHtroyed.' 

T.EVEiLLK  '  (1812)  advocated  the  direct  incision  for  removal 
of  loose  cartilngos. 

In  America  Wm.  Gibson' (1824)  advised  valvular  incisions 
in  op(»rations  for  removing  loose  cartilages  from  joints.  He 
recognined,  however,  that  'vrounds  of  the  larger  joints  are 
among  the  most  dangerous  accidents  in  surgery  ;'  and  the  same 
may  he  said  of  those  '  wounds  of  the  smaller  articulations,  trivial 
in  the  eyes  of  the  surgeon,  but,  in  defiance  of  all  calculations, 
sometimes  frjllawwl  by  tremendous  symjitoms,  and  even  death.' 

Sir  Astlkv  Coopeh^  (1819  and  1827)  does  not  seem  to 
have  expruHsed  any  definite  opinion  on  the  elTeets  of  air  on 
•wounds.  His  method  of  dressing  consisted  in  applying  a  piece 
of  lint  dippe^d  in  hlofjd  aloug  the  line  of  incision.  This 
was  fixed  by  stnipping.  A  cooling  lotion  was  used  if  there  was 
much  inflammation,  I  may  mention  here  his  views  on  wounds 
of  joints.  He  advocates  immediate  and  close  union  of  the 
wound  in  the  skin.  Then  he  applies  lint  dipped  in  blood,  and 
over  this  stnvpping.  He  covers  the  knee  with  linen  soaked  in 
n  solution  of  acetate  of  lead  and  spirit  and  places  the  limb  on  a 
splint.  As  instances  of  improper  treatment,  he  says :  *  *  If  the 
jiidient  has  a  poultice  apfilied,  or  if  the  utmost  attention  be  not 
paid  to  the  immediate  closure  of  the  wound,  inflammation  of  the 
synovial  membrane  arises,  and  su]>i»uration  ensues.     In  young 
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'   Ort.  rHuhtcatiitng,  1819. 
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and  lieiihhyconitfitutions,  these  wounds  in  tlie  largest  joints 
reooveretl  from,  but  in  the  aged  and  weak  they  destroy  li 
Recovery  from  these  injuries,  when  inflammation  has  followed, 
is  by  atihenion,  so  as  to  destroy  the  synovial  surfaee,  or  else  by- 
granulation,  when  a  ^lartial  or  general  ossiiic  anchylosis  is  tb^^ 
result.*  ^B 

Larkey  '  (1829)  does  not  believe  that  it  is  9o  much  the  pene- 
tration of  the  air  into  the  joint — for  that  very  often  does  not 
occur — as  the  accumulation  of  blood  and  consequent  tensioi 
which  give  rise  t-o  the  bud  symptoms. 

BOYER*  ascribes  the  bad  results  of  wounds  to  the  action 
air  on  them;  but  he  also  considers  that  putrid  pus  is  a 
application.  His  method  of  treatment  was  accordingly  to  apply 
masses  of  charpie  over  the  wound  in  the  first  instance,  and  to 
leave  this  dressing  ou  for  several  days.  In  this  way  he  excluded 
the  air  till  granulations  had  formed,  and  he  h>oked  on  them  as 
sufficient  protection  of  the  wound  against  the  influences  of  the 
air.  He  therefore  afterwards  changed  the  dressings  frequently, 
in  order  to  remove  the  putrid  pus,  J 

I  need  not  go  over  his  results  in  compound  dislocations," 
wounds  of  joints,  &c.  So  far  as  they  are  given,  they  do  not 
differ  essentinlly  from  the  results  of  others.  Thus  six  cases  of 
wounds  ot"  joints  are  detail*^,  of  which  four  died,  and  Phil. 
B<»yer,  who  edits  the  work,  refers  to  ten  cases,  all  of  which  ended 
unfavourably. 

I  have  inrluded  a  few  writers  of  the  prepent  centiuy  along 
with  those  of  last  century,  because  they  merely  speak  of  results 
obtained  by  methods  practised  at  that  time.  The  whole  facts 
as  yet  staled  may  therefore  be  (nkon  as  showing  the  state  of 
surgery  up  to  the  year  1809.  i 

\tet  us  now  methodise  the  results  as  yet  obtained  from  an 
antiseptic  point  of  view. 

The  bad  effects  of  the  air,  down  to  Priestley's  discovery^ 
were  generally  suppnsed  to  he  due  to  the  temperature  of  the  air. 
Pare  and  others  had,  however,  as  we  have  seen,  n<lded  to  this 
view  the  further  supposition  that  it  carried   miasms  to  th< 

•    CUut^m  Chirttrairale,  1829. 

"  Traiti  r/tt  Mniadiett  CAirurffitak'9,  &&,  edited  by  P.  Boyer,  1844. 
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wound ;  while  Benjamin  Bell  first  spoke  of  the  had  eflFects  of 
the  gaees,  more  especially  of  the  '  fixed  air.'  W'e  shall  see 
that  this  latter  view  has  been  more  developed  in  recent  times. 

(Others,  looking  on  the  jjutrcfaction  of  the  disclmrgeu  as  a 
potent  source  of  evil,  attou*pted  to  prevent  this  by  the  appli- 
cation of  various  balsams  and  other  antiseptics;  and,  in  two 
instances  (Colbatfh  and  Bilgiter),  with  very  great  Huecess. 

Jlany  surgeons,  however,  saw  in  the  better  results  of  their 
time  merely  the  effect  of  simplification  of  dressings,  and,  act- 
ing on  thin  idea,  they  redncf^d  their  dressings  to  a  minimum. 
Among  those  who  held  this  view,  and  who  have  not  been  men- 
tioned, were  Lombard  '  and  Percy,*  who,  in  1785,  learned  from 
an  Alsjitiiin  that  ho  had  an  infallible  remedy  for  wounds.  This 
turned  out  to  be  river  water  used  aloug  with  certain  magic 
utterances.  Percy  and  l^mbard  employed  water  henceforth 
in  various  ways,  and  hecanii'  enthusiastic  in  its  ]>i"aise. 

In  1800  ViNCENz  VON  Kern  published  a  little  book  entitled 
*■  Avis  aux  Chinirgiens,  pour  les  engager  a  adopter  une  methode 
plus  simple,  phis  naturelle,  et  moins  dispendieuse  dans  le 
|iansemcnt  dos  bloHscs.'  In  his  method  the  wound  was  washt^l 
with  tepid  water,  left  open  for  eight  to  ten  hours,  then  united 
with  strips  of  plaster  and  covered  with  lii^ht  cnmjiresses  dipped 
in  te])id  water.  To  provide  a  drain  the  ligatures  were  all 
brought  out  at  one  part,  or  else  a  piece  of  oiled  lint  was  intro- 
duced at  one  of  the  angles.  The  wotmd  was  cleansed  once  or 
twice  <lajly  hy  washing  it  with  te]u*d  water.  In  some  cases  he 
applied  poultices.  He  says  :  *  Cold  water  for  arrest  of  haemor- 
rhage, then  warm  water  for  the  dressing,  some  small  pieces  of 
lint,  absolute  rest,  and  artiGcial  heat:  seel  that  is  all  that  is 
necessary  for  the  treatment  of  any  sort  of  wound.' 

Von  Kern  held,  that  the  ordinary  mcthuds  of  dressing 
heated  the  wound  and  favoured  inflammation  and  supjmratiou ; 
that  they  irritated  it  mechanically  and  chemically  and,  in  the 
case  of  stumps,  by  their  weight,  caused  retraction  of  the  s<:)ft 
jiarts.  He  considers  air  as  not  only  not  hurtful,  but  in  fact 
useful.      '  P'olget  meinem  Beispiele  : '   he  excLums.     '  Durcli 


'  (Tliniqvf  Chimrgienle  relMivr  au-x  Pfairt,  1"98. 

'  MaMvHdu  Cfiirurt/ii-H  d'Arvi^e,  1792.     See  also  Optiwulc*  tU  Mfdecine, 

&o.,  1827. 


310 


HISTORY  OF  AXTISEPTIC  SURGERV, 


Anwendung  dieser  Grund?atz<»  werdet  ihrden  Kriegern  unena- 
liche  Schmerzen  nnd  dera  Staate  Millkmen  fnnMiren.* 

Von  Kem*8  method^  which  was  eseentiallj  water  dressing 
— aseptic  dressing — nnd  which  I  mention  chiefly  as  a  matter  of 
history,  was  adopted  by  Vox  AValtfier  in  Bonn,  and  byFRiTZE 
in  Prague.  It  was  brought  to  England  more  especially  by 
LisTox,  and  up  till  1860  was  pretty  generally  adopted  in  this 
country. 

It  did  not  spread  much  in  France  ;  and  here  is  RocharhI 
ex|>lanation,  which  in  well  worthy  of  careful  attention  :  *  Si 
mode  de  traitement,  si  nitionnel  et  si  economique,  u*a  i^as 
se  generaliser  en  France,  cela  tient  surtout  aux  conditions  bygi^ 
niques  des  hopitaux  de  nos  grandes  villes.     I^s  Anglait*,  plus" 
fevoris^s  que  nous,  ne  voient  pas  Tinfection  purulente  incessam-- 
ment  suspendue  sur  la  t6te  de  leurs  malades,  et  c'est  cette  menaoJM 
qui  a  de  tout  temps  pr^'cupe  les  chirurgiens  de  Paris.     Les^ 
jHinaemeiit^  a  renu   ne  lenr  oiit  pas  offert  ci/ntre  eile   une 
garaniit  suffiaante;  il  fallait  des  prS^ervatifs  pltts  cerialne^ 
on  qni  <hi  nioins  panissent  Vetre,  ot  a  rep>qne  a.  laquelle  nous 
nousi  rejjortons  (1860)  ils  se  livraient  a  cette  recherche  avec  ira^^ 
ardeur  et  une  f6condite  d'imagination  des  plus  louables.'  ^| 

In  the  further  hiHtory  of  this  subject  we  must,  up  till  quite 
recent  times,  confine  our  attention  to  the  progress  of  woiin^^ 
treatment  in  other  countries.  In  England,  where  bett4^| 
hygienic  conditions  prevailed,  this  subject  was  almost  entirely 
neglected  ;  and  the  chief  aim  of  the  surgeon  was  to  }>erfect  the 
methods  and  instruments  for  operating,  and  to  attain  great 
speed  and  dexterity  in  the  performance  of  operations. 

*  Hutoiredf  la  Ckirnrgie  Fran^axsr,  1875.  *  The  italics  are 
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HISTORY   OK  ANTiaETTIC  SL'ROERY — {cmiiinited). 

History  of  the  vaHoiu  methods.  Incubation:  Oayot.  Subcatancons  surpcry, 
pn'liminary  attcmpU  :  Stnimeycr  :  Dieffenbach  :  Jules  Gm^rin  :  I^anj^n- 
buck:  Other  autliont.  Occlusian  :  Julos  Gu^rin  :  Cha«!*aiifnac— Uochard** 
rfiniarkei :  Pnnsement  ouat6  Alphon^D  Outrin,  method  aDcl  results— Oilier. 
tSuKstitutinn  of  variouK  gaws  For  air:  Difnianiiiay  and  Irfconte.  Open 
Hethtxl;  Bartacher  and  Veriu :  Burow  ;  Hamphrey,  U(.*aling  by  scabbing: 
John  Htmt«r :  Neudnrfer ;  D«nniun:  LUter :  BoutMton  :  Bonnet,  etc. 
Irrigalion  and  ihv.  water- bat h  ;  early  hintory  :  Jo8a6 :  B^Tard :  Mayor: 
AmiL-Mat  :  Langcnbeok  :  Valette. 

We  must  now  tmce  the  different  modes  of  treatment  \o  which 
the  ideas  as  to  the  cause  of  the  bad  effects  which  often  follow 
wounds  have  given  rise. 

hhciihat'uni. 

As  has  been  already  mentioned,  the  view  for  a  long  time  was 
that  it  was  the  cooling  and  drying  effect  of  the  air  on  the  wound 
which  had  to  be  guarded  against.  Since  Prieatley's  discovery 
this  idea  has  been  more  or  Icsk  abandoned  ;  but  in  1835  and 
later,  31.  Jules  Guyot  ^  studied  the  effects  of  cold,  and  attempted 
to  found  a  inethtxl  of  treatment  on  his  views,  Guyot  adduces 
evidence  from  Par^  and  I^arrey  to  shew  that  woumlw  cicatrise 
most  raiiidly  in  warm  air.  I-invy,  in  his  'Camjuigne  d'Egypte,' 
hUites  that  the  woundsi  in  that  hot  climate  cicatrice  with  aa- 
tonishing  i-ajiidity ;  and  in  his  '  Canipugno  d'Allemagne  *  he 
makes  the  opjioeite  remark  as  to  the  deleterious  effects  of 
cold.  Guyot  accordingly  made  a  series  of  cxjicriments  on  ani- 
mals, and  found  that  when  wounds  were  kept  at  u  temperature 

'  Arrhintt  (ivHt-ral^s  rlf  Mrdrcine.V^tX.  VJII.  183S.  See  also  De  Vinton fwt ion 
etd^mtn  InjittrHCi't/irrajH!utiqH<',\'arhi  IS-lUj  and  i>r /a  C4iateHr  tiaits  it  Traitv 
mcnt  det  Plaiet,  M'2. 
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of  about  35**  C,  they  healed  with  great  fiicility,  and  much  more 
rajiidly  than  similar  wounds  left  exposed  to  the  ordinary  tem- 
j»erat\u*e. 

He  appliefl  this  method  to  wouud*  in  man.  Hij*  object  waa 
to  surround  the  part  with  a  uniform  and  Huthciently  elevated 
temperature  (nbonf  36°  C,  and  not  below  aS^-SO"*  C)  He  en- 
closed the  wounded  jwirt,  without  any  dreHsing,  in  a  box,  into 
which  a  current  of  wanned  air  was  constantly  introduced  through 
a  pijje.  The  box  had  gla»s  sides,  bo  that  the  wound  could  be 
always  seen.  Thin  treatment  was  continued  for  from  ten  to 
twenty  days.  At  fin«t  there  uus  a  very  abundant  serous  dis- 
charge and  by-and-by  pus.  The  pus  dried  up,  forming  crusts, 
which  were  removed  v\i^ry  two  or  three  days,  (hiyot  says  that 
wounds  thus  treated  heal  more  rapidly  than  by  any  other 
method,  and  also  that  wounds,  such  as  some  forms  of  ulcers, 
which  refused  to  heal  at  the  ordinary  temperature,  healed 
readily  ar.  a  temperatnre  of  36*  C. 

This  method  only  merit>  the  term  antiseptic  to  a  limited 
extents  No  doubt  1  he  heat  made  the  dincharge  more  concen- 
txated,  and  j>oseibly  unfit  for  the  growth  of  organisms,  while  at 
the  same  time  mechanical  rest  was  obtained.  Nevertheless,  the 
method  did  not  fulfil  the  expectations  of  its  introducer,  and, 
partly  for  that  reason,  and  partly  also  because  it  was  »o 
unwieldy,  it  has  been  completely  abandoned. 

S'uhcaianeotia  Surgery* 

A  much  more  im]»ortant  outcome  of  the  idea  of  the  bad 
effects  of  the  gasi^s  of  the  air  was,  however*  the  introduction  of 
the  SL'BCrTANKOl'S  method — a  method]  which  has  maintained  its 
place  up  to  the  present  time  and  will  probably  always  continue 
to  do  so  to  a  certain  extent. 

Already  in  (he  last  century,  and  indeed  earlier,  the  founda- 
tion of  this  method  had  been  laid.  I>elacrolv  and  Axel,  by 
their  methods  of  aspiniting  cavities  containing  bknKi  or  pus, 
and  more  eH|>ecially  AheknetHY,  by  his  valvular  incisions  into 
abscesses  and  into  joints,  had  carried  out  the  principle  more  or 
leas  com|)leteIy.  Nevertheless  it  is  to  the  introduction  and 
practice  of  subcutan4;ous  tenotomy  that  wc  owe  the  spread  of  the 
subcutaneous  method. 
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sulx^utaneously,  and  it  was  not  at  all  performed  on  the  sub- 
cutaneous principle. 

In  1830  DiKFFENHACii '  Bpeaks  of  Dupuytrcn's  operation  as 
having  been  frequently  performed  with  success,  and  SvME, 
among  others,  rei>eated  it  in  1832  strictly  subcutaneously. 

The  various  attempts  at  subcutaneous  surgery  -which  T 
have  mentioned  remained,  however,  in  the  main  fniitlc^s,  till 
Stromeyek,  and  after  him  Dieftenbach,  took  up  the  subject, 

Stromeyek  seems  to  have  ]>erformed  his  first  oi>eration  in 
1K31,  and  his  first  publication  was  made  in  1833.^  lie  only 
oi>erated  on  tendons.  The  object  of  his  oi)eration  is  distinctly 
stated  to  be  the  exclusion  of  the  aii*  by  making  as  snuill  an 
incision  in  the  skin  as  i>ossible.  He  looked  on  suppuration  jind 
sloughing  of  the  tendon  as  the  consequences  were  air  admitt^. 
He  improved  Delpech's  operation  by  omitting  one  of  the 
incisious,  simply  making  a  single  incision  of  sufficient  size  to 
permit  the  introduction  of  a  narrow-bladed  knife.  In  his 
*  Beitriige  zur  ri]jerativen  Oi*thoi)rklie,'  publi^^hed  iu  183S,  he 
narrates  a  great  number  of  cases  of  division  of  various  tendons 
throughout  the  body. 

DiEFFENHAcn,  who  had  been  perforuting  Dupuytren's  opera- 
tion pretty  extensively,  no  sooner  heard  of  Stromeyer's  results, 
than  he  at  once  adopted  the  practice,  and  his  publication  in  the 
'  Archives  gdnerales  de  Medecine,'  in  IHSo,  niimiting  numerous 
cases,  excited  the  greatest  interest,  and  along  with  iStromcyers 
results  finnly  established  the  methcxl. 

The  most  important  writer  on  the  subject,  though  in  no 
way  |Ki8sessing  any  claim  as  its  originator,  was  undoubtedly 
JrLES  Gli^Rlx.  Though,  iis  I  have  siiid,  not  jjossessing  nny 
claim  as  originator  of  the  met hmt,  he  was  the  first  to  study, 
and  describe  accurately,  so  far  as  the  state  of  science  at  t.hat 
time  permitted,  the  principles  on  which  sulx^utaneous  surgery 
was  based,  and  thus  he  jiavetl  the  way  for  the  more  genera] 
!ip|)lic'iition  of  the^e  ]irinciiiles.  In  his  'AI6tbode  souscutanee,' 
published  in  1841,  he  describes  his  views  m  detail,  and  gives 
11  nunilHT  of  results.  His  first  opemtions  were  perf(.»rmed  in 
1836,  and  in  these  he  remarked  the  constant  absence  of  in- 

'  8ec  »l*o  Vebtr  die  iJurvhucUiwit/HHff  tfcr  SthtwM  umt  Mugltrlii^  \M\. 
■  L'eker  DurchMchneidung  Htrr  AckilU*  Schnr.    Rust's  Mttyazitit  Md.  »V. 
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il  organisation  of  tli 


flummation,  and  the 

liaring  his  result-ii  in  this  respect  with  the  details  given  by 
Dieffenbach,  Lisfranc  and  others,  in  which  the  frequent  occur- 
rence of  inflammation  and  abscesa  is  mentioned,  he  came  to 
recoguise  the  principles  of  subcutaneous  surgery  to  the  full,  or 
at  least  so  far  ns  they  cmdd  be  recognised  in  the  then  state  of 
science.  He  was  thus  led  to  establish  the  follo>ving  law : 
*That  all  wounds  made  subcutaneouslj,  whatever  be  their  sent 
and  the  nature  of  the  tissues  divided,  possess  the  property  of 
subcutaneous  injuries  of  t<?ndous,  that  is  to  say,  do  not  inHame 
nor  suppurate,  but  undergo  immediate  organisation.'  Both  on 
nuin  and  auiuuils  he  found  that  the  most  extensive  wounds, 
such  as  division  of  the  great  mass  of  the  dorsal  muscles,  were 
not  followed  by  any  trace  of  intiamraatory  symptoms. 

He  indicates  some  of  the  apiiliciitions  to  which  this  princii>le 
of  making  the  wound  under  the  akin  may  be  applied.  Of  these 
the  following  are  the  most  imiKjrtant ;  Incisions  into  serous 
pouches ;  subcutaneous  incision  of  commencing  inflammatory 
Hwelliugs;  subcutaneous  removal  of  exostoses,  leaWng  the  de- 
tached portion  to  bo  absorbed,  or  to  be  removed  after  healing 
of  the  bone;  oi>eninpj  chronic  abscesses;  numerous  myotomies 
and  tenotomies  of  all  kinds. 

About  tbis  time  various  o|>eratioii8  other  than  tenotomy 
were  perfonned  sulwut-aneously.  Thus  Bauth^lemv,  Mal- 
OAIGNE  and  Velpeau  (the  two  former  with  success)  opened 
ganglia  subcutaneously.  M.  ElC0Ri>,  as  we  have  mentioned, 
o|M?rated  eubcutaneously  on  the  veins  in  vai'icocele.  He  pre- 
ferred to  lig;iture  them. 

Di;fhe:sxe  CiiassaKiNE,  and  about  the  same  time,  or  some- 
what later,  GoYKAlin  and  8vme,  proposed  and  earned  into 
effect  a  sulxmtaneous  method  of  remuviug  loose  ciirtiluges  from 
the  knee-joint,  by  dividing  the  capsule  subcutaneously,  expelling 
the  cartilage,  and  leaving  it  in  a  bed  in  the  celluhir  tissue, 
from  which  it  could  be  extracted  at  a  later  period. 

In  Kugland,  William  AoAMS  '  published  a  pumplilet  on  sub- 
cutaneous surgery  in  1857,  in  which  he  shews  himself  a  strong 
a*lvocate  of  the  subcutaneous  method.  lu  Hupjjort  of  the 
generally  accepted  views  as  to  the  principles  of  subcutaneous 

I  Subcutttnuout  Surffcriff  1857- 
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surgery,  he  quotes  the  following  liassage  from  Paget:  '  For 
the  two  injuries  inflicted  on  a  wound,  the  mechanical  disturb- 
ance of  the  parts,  and  the  exi>osure  to  the  air  of  those  that  w 
covered,  the  exi)osure,  if  continued,  is  the  worst.     Both  are 
to   excite    ioflainmation ;    but   the    exjiosure    expites   it   m 
certainly,  and  in  the  worst  form,  i.e.,  in  the  form  which  most 
delayti  the  pixjcess  of  rejwiir,  and  which  is  most  apt  to  endanger 
life.' 

As  pointe«l  out  by  Dr.  Henry  Dick,'  Jules  Guerin,  by  h 
ojieration  for  removing  exostoses,  must  be  looked  on  as  the  fi 
io  operate  aubentaneously  on  bones.     Laxgesbeck,  however, 
the  man  who  has   jM^pularised  subcutaneous   osteotr»my. 
idea  first  occurred  to  him  during  the  Schleswig-Holstein  wai^ 
in  1848,  where  lie  had  introduced  small  straight  pointed  saws 
for  .section  of  bones.     His  first  oinTatious  were  not  strictly  su 
cutaneous,  but  in  1852  he  practised  subcutaneous  operations 
anchylosis  of  the  knee^  and  he  sinm  extended  iiis  method  to  t 
division  of  rickety  bones.     Mever  seems  to  have  o|>erated  mo: 
perfectly  for  rickety  deformities.     (tRoss,  in   1S,59,  perform 
osteotomy   for  defonnity   of  the    femur.     This  operation 
fiillowed  by  abscess  at  the  seat  of  fracture,  but  the  patient  ma 
a  g<.K>d  recovery. 

In  1860  Apams'  extended  this  j)rinciple  to  division  oft 
neck  of  the  femiu*  for  auehylosis  of  the  hip-jftiut. 

Quite  recently  Ooston  has  divided  the  internal   condyle 
the  femur  stjhcutaneously  in  cises  of  gejui  valgum.     Ogi 
however  always  ojKjrates  with  strict  List4?rian  precautions,  b 
other  surgeons    still    pmetise   the    ojienitif^m    snbcutanoousl 
without  biui  result. 


(Ji'd  lis  io  iu 

Attempts  have  been   ma*Ie  at  various  times  to  apply  t! 
8U}»i>ose<i  subcutaneous  principle   of  the  exclusion  of  gtises 
the  treatment  of  wounds,  not  in  tlie  first  inst^inc*?  subcutaneoi 
Thus  have  been  pro<lucrd  the  various  methods  (»f  treatment 
occla.i<ion,     We  have  already  Ijecome  acquainted  with   the 


'  Adams'  SubiUitttMcoitu  Surytrry. 

»  .i  yem  OjteralioM  for  Rimy  Anchyloiiif  of  tht  Ilijhjmut.  1B71 
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Eetnjits  of  tlie  iinficiils  to  exclude  the  air,  by  npjily 
dresitings.     I  do  not  refer  to  these,  but  to  the 


made 


th 


\ng  masses  (« 
to  the  more  recent 
e  principleH  of  sub- 


attempts  which  have  been  inatie   since 

cutaneous  surgery  have  been  discus?*ed. 

In  1839,  in  u  memoir  coinnmnioated  to  the  Academy  on  the 
subject  of  subcutaneous  surgery,  JuLES  Gu^Rl\  ascribe*!  its 
^(KkI  results  to  the  cxehision  of  the  air  from  tlie  wound.  He 
further  enunciates  as  a  proix)sit ion  :  '  Que  les  apjilications  <lu 
]i}ienom^-ne  de  Torgnnisxition  immediate  des  jilaies  souscutan^es 
sont  de  ramener  toutes  !es  jilaies  avec  Hbre  communication  a 
Tair  aux  C(mditions  des  plaies  souscut;meefl.' 

From  that  time  he  tried  various  means  for  the  puq)08e  of 
convening  open  wounds  into  subcutaneous  ones,  such  as  the 
appb'cation  of  goldbeater's  skin,  caoutchouc,  &c» ;  of  these  he 
considers,  in  1844,*  that  goldbeater's  skin  gave  the  best  residts. 
In  1844  LATUiKR  also  described  a  similar  loethtKl  ftf  treiitinent 
in  a  paper  entitled  *  Swr  rhcureiLT  emploi  du  mucilage  de 
gomrae  arabique  et  de  la  baudruche  dans  le  traitement  dca 
plaies  supi>nrantes.' 

( 'HAtvSAiGXAC  '■*  also  brought  forward  an  identical  method,  iuid 
claimeil  priority  over  Jules  Gu^rin.  Chassaignac  used  the 
method  in  ahscpsses,  as  well  as  in  woimds.  He  held  that  the 
walls  of  abscesses,  whether  acute  or  chronic,  resembled  the 
surface  of  a  recent  wound,  and  by  ojiening  them  by  a  small 
puncture  he  hojied  to  get  adhesion  of  the  walls.  He  covered 
his  jiuTinture  with  diachylon  plaster,  (There  is  here  nothing 
essentially  different  from  Al>emethy's  method.)  Five  yeaj-s 
later  Chassaignac  said  that  this  mdhipd  had  been  so  successful 
that  he  had  never  observed  a  single  case  of  erysiiR-las,  of 
phlegmon,  or  of  hosjiitid  gangrene,  even  in  the  most  unhealthy 
hoH]iitals,  under  this  method,  Xevei-theless,  when  he  began  to 
work  at  dniiuage  he  readily  abaudoned  occlusion. 

Rochard's  '  remarks  on  Chassaignac's  statement  ai*e  very 
much  to  the  ]ioint,  and  well  wortli  quoting:  'Ce  n'est  pas 
SHUS  (juelque  etonnenient  qu'on  voit  se  protluire  de  pareilles 
assertions  a  chaque  nouvelle  methode  qui  apparwit.  Eu  le» 
prenant  au  pied  de  la  lettre,  on  serait  force  d'en  conclm'e  que 

>   Giizt^tr  yfrdicttk,  1841.  *  AnnaU*  d€  TktrajteMtiqHe,  1SU. 

*  lliiftmTC  U<!  iu  Chirurifie  Frant,'aiM,  Jtiift. 
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les  accidents  consocutifs  des  plaies  doivent  6tre  a  peu 
incounus  dans  les  hopitaux  de  Paris,  puisque  tons  les  chirur- 
giens  qui  y  pratiqiumt  se  fluttftnt  de  les  ^viter  siirement  pax  la 
luethode  qii'ils  ont  adoptee ;  imiis  ou  no   tsait  que  trop  bien  a 
quoi  s'en  tenir  sur  ce  point,  et  quant  H  ce  qui  conceme  I 
cuirasries  de  di;ichylon,    Broca  rapj>ela   qu'il   avail  vii  moor: 
d'erjsipele  a  Lariboisi^re,  et  dans  le  service  raemederinvent€iir, 
une  fenxme  qui  avail  ete  ])ausee  de  cette  mani^re,  &  la  suite 
d*une  ablation  du  sein.     Chnssaigiiiic,  du  reste,  ne  tarda  i>a8 
nKxlifier  son  tniiteuieut  en  y  introduisjuit  uu  element  nouveau, 
qui  absorbe  bientot  tout  le  reste :  on  comprend  que  nous  voulom 
parler  du  drainage  chirurgical.' 

Collodion  was  introduced  in  America  in  1848,  as  an  appli 
tion  to  the  surface  of  the  line  of  incision. 

In  1866,'  Jules  Ouerin  dcvelo]>ed  his  idt-as  further,  and 
described  a  complicated  ajipiu^itus  for  the  pnr|iose,  not  only^n 
of  excluding  the  air,  but  also  of  removing  the  discharge.  He^H 
uiilikf  rhiis.saignac,  had  failed  in  obtaining  any  very  satisfactory^^ 
iv^ult  s  fruru  the  methoils  formerly  described,  and  he  thought  tliat^j 
this  was  because,  though  the  impermeable  material  was  closeli^^f 
applied  in  the  first  instance,  it  soon  became  lifted  up  by  the^^ 
dis<'harges  from  the  wounil,  and  thus  air  got  in.  Then  he  also^i 
fciu-ed  that  by  that  method  there  would  be  accumulations  o^^| 
discharge,  find  that  if  these  became  putrid,  tht^ir  presence  would^^" 
\iG  worse  than  that  of  air.  I  need  nut  I'ntcr  into  a  descriptiou  ^j 
of  hie  method,  which  consist^cd  essmtially  in  applying  an  appara<^H 
tus  titfing  the  limb  closel}',  imd  from  which  the  air  w;i8  pumped  ^i 
out.  In  this  way  none  of  the  gases  of  the  air  were  in  contact ^j 
with  the  wound,  while  the  discharges  flowed  freely  out,  He^H 
stated  that,  in  cases   so  treated  there  had  been  no  inflamma-^^ 


Hon,  or  the  inflammation  luui  been  shortened  and  reduced  in 
severity. 


An  absolutely  identical  method  was  brought  forward  in  1867  ''^H 
by  ALaisoneuvk,  as  something  (piite  new.     The  only  difference 
was,  however,  that,  instead  of  pimajiing  out  the  air  once  for  allJ 
he  wjus  continually  pumping  it  out,  anil  he  called  this  'L'aspira-j 
tion  continue.* 

'  Gauita  MffiicaU.  •  Chwtjftd'reHtfut,  YoU  LXV.  1867. 
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Lannelongte  also  published  a  method,  in  which  he  used  a 
double-walled  india  rubber  covering,  and  {iuiii[n'd  air  into  the 
R|>ace  I>ctween  its  walla.  The  inner  sac,  apitlying  itself  closely 
to  the  limb  and  the  wound,  prevented  any  air  from  coming  in 
cont-act  with  the  latter. 

There  seems  to  be  no  doubt  that  whatever  credit  accrues  to 
any  one  for  the  introduction  of  these  methods  is  due  to  Jules 
Guerin  ;  and  as  the  logical  development  of  the  view  that  the 
noxious  agents  in  the  air  are  the  gases  of  the  air,  these 
attempts,  with  their  failures,  are  of  great  interest  and  import- 
ance. 

In  spite  of  the  glowing  terms  in  which  Jules  Guerin  spoke 
of  his  method,  it  was  not  found  to  be  of  any  use  in  the  hands 
of  othern,  while,  what  is  of  more  importance,  it  broke  down  in 
the  bands  of  Guerin  himself  during  the  siege  of  Paiis.  In  a 
discussion  at  the  Academy  of  Medicine  of  Paris,  in  ISTo, 
on  Alphonse  Guerin's  cotton-wool  dressing,  Jules  Gueriu  was 
asked  about  his  results  during  the  siege.  He  stated  that  at  an 
ambulance  (Fambulance  des  ponta  et  chaupsees),  to  which  he 
was  attached,  he  had  treated  only  wounds  by  his  melhod,  but 
wounds  which  would  otherwise  have  led  to  ami)utalion.  He 
said  that  his  snccp-ss  was  great,  and  that  N**Iaton,  hearing  of 
it,  asked  hirn  to  ap}»Iy  his  method  to  his  (NVIntorfs)  amputation 
cases.  He  tried  it  in  three  cases,  all  of  which  died,  just  as  the 
amputation  cases  treated  otherwise  did.  Jules  Guerin  then 
says  :  '  Cette  effrayante  mortalite  avait  sa  raison  dans  I'infection 
g^nerale  de  I'hotel,  qu'il  etait  imjiossible  d'aborder  sans  en  §tre 
averti  p;ir  nne  odour  nauseabonde.  .  ,  .  Je  me  borne  a  dire 
qu'en  presence  de  tclles  conditions  j'ai  refuse  d'etendre  au-dela 
de  ces  trois  sujets  Tapplication  de  mes  appareils  au  traitement 
des  amjnitations  pratiquoes  dans  un  milieu  aussi  profondement 
infecte.'  These  remarks  are  very  interesting,  as  showing  how 
useless  this  method  was  to  protect  against  such  accidents  in 
situations  favoiu-able  to  their  development,  and  also  as  showing 
how  very  little  confidence  M.  Jules  (juerin  himbclf  had  in  it 
when  employed  under  unfavourable  conditions. 

A  more  impcirtant  method  of  occlusinn,  and  one  wliicii  yields 
much  better  results,  is  the  '  Pansevicat  ouafe,^  introduced  by 
Alphonse  Gi^rin  in  1871.     We  have  already  seen  (p.  280 
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that  this  is  really  a  method  of  occlusion,  and  not  an  aseptic    ^ 
method,  as  asserted  bj  its  author.  ^B 

The  first  publication  was  mnile  by  Hervev  *  in  DecembeT^^ 
1871,  aud  sevenil   details  of  the  method  and  results  are  there 
given.     I  shall,  however,  refer  to  this  pajier  later,  and  in  t 
meantime  take  some  facts  from  Blaxciiaud's 'Thesis,'"  pu 
lished  in  May,  1872. 

The  mortality  during  the  siege  of  Paris  was  excessive 
great;  indeed,   llervoy   says  that   from  September,  1870,  t: 
February,  1871,  A.  Guerin  only  saved  one  ca^e  of  amputition. 
Guerin,  who  had  for  some  time  held  the  view  that  the  cause 
pyiemia  was  a  tpiasm  wirried  by  the  air  to  the  woimd,  came 
look  on  this  miasm  as  particidate,  though  in   1869  he  stteras 
to  have  regarded  it  as  gaseous.     Acting  on  the  view  that  tb^f 
miasm  was  pjirticulate,  he  applied  large  masses  of  cottou-wo<^^ 
in  the  hope  of  excluding  it  by  filtration.     There  are  two  other 
principles  on  which  this  dressing  acts,  which  are  mentioned  b^| 
Blanchard,  viz.,  elastic  compression  and  constant  temperature,^" 

In  using  this  dressing,  ordinary  rolls  of  cotton-wool  are  em- 
ployed, and  cotton  bandages.     The  cotton-wool  is  ap|)lied  i|^| 
such  mass  as  to  allow  the  most  energetic  compression  without^ 
pain,  say  from  a  half  to  two  kilogrammetjof  the  wool.     A  region 
more  extensive  than   the  wound   must  be   enveloped   in  it. 
The  two  precautions  to  which  I   have  referred  before  must   be 
attended  to   rigorously,  viz.  (1)  the  dressing  must  not  be  ai>- 
plied  or  renewed  in  the  ward,  but  in  an  amphitheatre  or  rooOHB 
at  some  distance  from  the  wards;  (2)  the  cotton-wool  ought 
n<it  ia  be   o[>ened  in  tht*  wards,  bt^eause  there  the  air  is  alwayti 
more  or  less  contaminated.     liCt  us   supjiose  that  we  have 
dt'iil   with    an  amputation  wonnd.     The  ligfitures  having  heerf 
ajiplied,  are  cut  sliort ;  the  wound  is  then  washed  with  tepid 
water,  in  order  to  see  the  bleeding  points,  and  afterwards  witj^| 
some  antisej»tic  liquid  such  ns  carbolic  or  alcoholic  water;  the 
limb  is  then  dried   and  the  cotton-wool  is   hud  over  all  the 
surface  of  the  wound,  new  layers  being  ap]flie(l  till  the  stump  is 
completely   filled.     The   limb  is   now  enveloped   with   rolls  of 
cotton-wool  as  far  as  the  upper  part  of  the  thigh.     Then  the 

'  PaitJUfmtmt  a  TOurttf.    Arrhirt^t  (7f/i/ralp»  4e  MMtfcine,  1871. 
*  Ji^utir  $tir  Ir  PaHMi-nrnt  ot/atf,  1872. 
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bandage  is  applied,  at  firat  lightly,  T>ut  afterwards  more  and 
more  firmly.  When  it  is  sutficieutly  tight,  the  ei»ttou-W(X>l 
will  not  yield  any  more,  and  the  note  on  percuBsion  is  tym- 
jjanitic.  If  the  bandage  gets  loot^e,  apply  a  new  one.  If  the 
discharge  eomea  through,  ajijily  more  ci.itton-\vnf»l  outside  the 
dre&sing.  If  the  smell  is  very  bid,  wjisli  tlir  dressing  with 
camplioruteJ  alcohol,  or  with  cai'bolic  acid,  or  place  pieces  of 
campljor  in  the  bed.  As  a  rule  the  lirst  dres^iIig  is  changed 
twenty  to  twenty-five  days  after  the  operation.  After  removing 
the  external  layers,  the  deeper  jHirts  are  in<tisteiied  with  water ; 
the  wound  is  then  washed  with  an  antiseptic  lotiuii,  and  a 
fresh  dressing  is  applied. 

The  advantages  which  are  claitned  fur  this  inetlwtd  are — 
au[)pre8siou  of  pain,  absence  of  tniumatic  fever,  diminution  of 
suppuration,  and  ease  in  moving  the  patient. 

BlfLoeliEirti  fltatwi  that  during  the  tirst  period,  i.p.  from  April  to 
tho  end  of  Juno,  1871,  forty-oiio  cases  of  amputation  and  inj-section 
were  trcHtfMl  in  tbia  way^  and  of  these  seventeen  died. 


12  omputAtious  of  the  thigh 
11  „  leg    .         .         . 

6  „  up{>er-arm 

4  ,,  fore-arm    . 

3  disarticalations  at  tlie  sliouUler  joint 

5  resections      ..... 
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3  of  these  coises  died  of  pyjemift. 
2  „  tetanus. 

fi-orn  secfmdary   haemorrhage  after 

twenty-seven  days. 
aeptinemia  \  no  metastjitic  absoesaes ; 
shock. 

an  infant  of  two  mouths  :  could  not 
be  fed. 


1    amputation   of  the  thigh 


Of  the  remaininj;  eight  fatal  cases  some  were  not  nmler  A. 
Ou^iin's  care,  and,  accortUu^  to  Blauchnrd,  were  not  well  attendotl  to. 
Others  died  of  pywmia,  even  after  they  left  the  hospitid. 

In  the  following  penou  there  were  :— 

1  amptUjition  of  the  tlii^fh Healed. 

1  „  gi-eat  too „ 


3§8  HISTORY  OF  ANTISMPTIC  SURGERT. 

I  ampntntion  of  tbe  middle  and  first  finger 

1  ,4  index 

1  1*0800*  ion  of  ft  fingpr 

1  „  inotnfftrsal  Ixino 

1  wonnd  of  Imnd     . 

1         „         index    . 

1         J,         thumb . 

1         ,,         extremitioB  of  middle  niid  riug  fingers 

(Traly  li  formidable  serine  of  caseft  to  aid  one  in  coming  to  & 
ciaion  on  the  a^lvnutages  of  the  meUiod  t ) 


1  oompound  fractut^ 

I 
1 


Healpd, 


olecranon  with  opening  of 
the  elbow-joint    . 


Further  statistics  are  given  by  Hervey  i — 

1  compound  fracture  near  the  knee, 
IteHectiorij  afterwarrls  jimputation, 
exhaustion      .         ,        .        .        , 

1  amputation  of  thigh.  High  tempera- 
till'©  and  genei^l  uusatisfiictorj  pro- 
gross  ;  injection  of  qvunin© 

1  amputation  of  first  m&tater«al  bone 

Under  M<  Panaa  at  Saint  Louis  : — 

I  compound  comiuiiiutod  fracture  of 
both  bones  of  the  leg.  Gangrene, 
ampntation,  rigors  .         .         .         , 

1  amputation  of  fore-arm  for  disease  of 
wrLst.  Advanced  phthisis;  diarrhoea 
before  operation       .... 

1  amputation  of  the  thigh  for  white 
swelling  ;  eight  days  later 

1  amputation  of  crushed  foot 

1  „  lower  third  of  leg  for 

frost  bite.  Ulceration,  necrosis,  re- 
amputation  at  seat  of  election 

1  amputation  (secondary)  for  crushed 
foot 

1  amputation  of  thigh  (limb  torn  oflf) 


Death. 


Heftled. 


Death. 


Sudden  death. 
Healed. 


I  give  these  statistics  here,  but  I  shall  refer  to  them  after- 
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wards.  Of  course,  in  judging  them,  the  infected  state  of  the 
atmosphere  must  be  taken  into  tu-count. 

In  this  method  no  attempt  vaa  made  to  obtain  primary 
nnion,  but  in  1875,  at  the  discussion  on  this  methtd  of  dress- 
ing at  the  Academy,*  M.  Gu^rin  stilted  that  he  then  stitched  up 
his  wounds  before  applying  his  dressings,  and  that  he  frequently 
got  union  by  first  intention.  He  snid  also,  that  in  the  Hotel- 
Dieu  he  had  been  having  good  results,  but  he  does  not  give  any 
statistics  which  can  be  used. 

At  that  discussion,  Pasteur  and  others  points  out  that  this 
was  not  an  aseptic  dressing,  that  bacteria  and  thfiir  six>reB  were 
present  in  the  cotton-wool  when  applied,  and  could  be  readily 
found  in  the  discharge,  Gosselin,  who  opened  the  discussion, 
mentioned  Htjailar  facts,  and  he  ended  by  sayinjj;  that  the  dressing 
■was  good — ( 1 )  'parcequ'il  met  a  I'abri  de  Tinflunimation  suppura- 
tive trap  intense;  (2)  parce  qu*il  satisfait  a  cette indication  par 
sa  grande  qualite  d'etre  un  pansement  rare,  (jui  mainticnt,  sans 
interruption,  Tocclusion,  la  protection,  Timmobilite,  la  temj^ra- 
ture  uniforme,  I'insensibilite,  et  la  satisfaction  morale,  toutes 
conditions  qui,  si  la  saute  anterieure  n'estpas  trop  mauvaise,  et 
si  ITiygiene  atmosph^rique  n'est  pas  trop  d^fectueuse,  condui- 
sent  a  ce  r^sultat  tr^s  simple,  et  ce|>endant  bieu  grand,  la 
formation  rapide  et  sans  etrave  d'une  membrane  pyogenique  ou 
granuleuse  esseutielle  et  ])romptemeut  reiHinitrice.' 

Of  late  Guerin  has  wet  the  deei>er  layers  of  the  wool  with 
carbolic  lotion,  and  indeed  in  some  cases  uses  a  spi-ay,  for  what 
reason  it  is  difficult  to  imagine, 

VKitKEiin..''  also  speaks  very  highly  of  this  dressing,  and 
attributes  its  good  results  to  the  absolute  immobility  which  is 
maintained,  for  by  this  means  the  granulation  layer  is  pre- 
served intact,  and  thus  neither  bacteria  nor  their  products 
can  enter  the  blood. 

That  it  is  not  an  aseptic  method  is  evident  from  the  whole 
description,  and  that  it  is  not  a  very  jwwcrful  antiseptic  method 
is  also  evident,  M-  Vemeuil,  whose  good  residts  I  have  just 
alluded  to,  says  of  it :  'Quelle  que  soit  I'epaisseiU'  des  couches 
entassees,  le  bandage,  au  bout  de  quelques  jours,  exhale  un 
odeur  desagreable.  I^e  pus  qui  baigne  la  plaie  est  d*«He 
'  Bulletin  da  VAcadfmU  de  Jfrdecine^  1875.  '  Amjtvtatinnti  1880. 
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extrhne  fiiuUte,  II  renferme  en  qtiantite  des  vibrioiaiens  et  des 
baoteries,  dont  la  ]>utridit(5  eriste  dans  les  profondcurs  du 
pansement ;  et  si  les  gennes  du  dehors  sont  arretes  au  passage, 
ceux  du  dedans  »ont  eniprisonnea  et  forment  a  la  blessure  une 
atmosphere  conatante.  El:  qu'on  iie  dise  \yas  que  les  mati^res 
putrides  int^rieiirea  sont  d*autre  niiture  <pie  lesautres;  car  il 
resulte  des  ex]>eriences  iueditea  de  M.  Poncet  *  que  le  pua  du 
handa-ge  inocule  a  cles  auivian.r.  a  ioutes  les  propriMSs  des 
vuitieres  septlques.^  IU-.  alludes  to  the  following  fact  of  extreme 
Intxirest :  '  Un  el^ve  de  nion  service,  tr^s  bien  [wrtant  du  reste, 
etait  dans  ce  cus.  II  etait  charge  du  i»an8einent  d'un  malade 
atteint  d'^rasement  des  orteils,  et  qui  ^tait  traite  jxir  I'ouate. 
Chaque  fois  q^te  Velhve  ren^mvelait  le  baiulagej  il  Hail  prla  de 
vtialalse  et  de  dlarrkSe  prcsque  siibite,  exaetement  coniine 
lorsqu'il  faisait  la  dissection  ou  lViutoi>Kie  d'un  sujet  putrefie,' 

M,  Ollikr,'  who  s<'x>n  saw  the  defects  in  this  dressing,  tried  to 
remedy  them  by  soaking  the  deeper  layers  of  the  cotton-wool 
in  carbolic  oil.  He  also  applied  a  silicate  bandage  outside  the 
cotton  bandage.  In  Angust,  1872,  M.  Poncet  gjive  the  results 
of  this  modification.  Of  10  patients  operated  on,  4  died — 2  of 
septic/pmin,  and  one  of  hospital  gangrene. 

In  1875,  Oilier  stated  that  he  had  got  great  benefit  from 
this  modification.  He  said  that  he  hud  seldom  seen  a  case  of 
erysij>ela8 ;  indeed  in  one  winter,  when  it  was  very  prevalent, 
only  one  case  dressed  in  this  way  hud  tTysiiM'Lis,  while  among 
the  wounds  treated  otherwise  he  liad  22  cases.  He  also  thinks 
that  when  pyaemia  appears  under  this  dressing,  it  isof  a  mild  form. 

tSubstituiion  of  various  Oases' for  A  Ir, 

Other  attempts  were  made  to  avoid  the  supposed  evil 
effects  of  the  gases  of  the  air  on  wounds  by  Hubatihtthu/  other 
gases  for  tkenu  According  to  Kochard,  these  attempts  were 
commenced  in  Clifton's  laboratory'  while  Humphry  I>iivy  was 
there.  Pehceval,  then  Inuenhoi'sz,  Beddoks,  and  Jofin  Ewaut 
tried  to  utilise  the  analgesic  properties  of  carbonic  acid  on  ulcers. 
Tliese  attempts  were  renewed  by  AIojo.v  in  1834,  and  by 
Simpson  and  Folun  in  1856. 


Lyon  Mi^d.,  lSi5. 
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Two  years  lat^r  Okmakquay  and  LkcuNtk  *  publifihed  a 
l)ai»er  giving  the  results  of  an  elaborate  investigation  on  the 
effects  of  injecting  various  gases  into  serous  cavities,  or  into  the 
cellular  tissue.  The  gases  with  which  they  exi>eriuiented  were 
air,  nitrogen,  hydrogen,  oxygen,  and  carbonic  acid.  They  came 
to  the  conclusion  that  none  of  these  gases  had  any  hurtful 
action  when  injected  into  the  p*^ritoneal  cavity,  or  into  the 
subcutaneous  cellular  tissue. 

As  to  their  effects  on  subcutaneous  wounds,  they  state  that 
subcutaneous  tenotomy  wounds  into  which  air  is  blown  every 
<Iay  organise  much  in  the  same  manner  and  after  the  same 
lapse  of  time  as  simple  tenotomies.  Oxygen  alone,  when  intro- 
duced daily,  delays  matters  somewhat,  but  it  never  i»roduces 
the  abnormal  vascular  conditions  caused  by  hydrogen.  Hydro- 
gen retards  the  healing  for  an  indetiuite  time  ;  indeed  healing 
may  be  iricornplett'  even  after  seven  and  a  half  months.  CnHmni-c 
acid  favours  in  a  high  degree  the  cicatrisation  and  organisation 
of  the  wounds,  and  healing  is  complete  in  a  much  shorter 
q>ace  of  time  than  if  the  wound  were  left  to  itself. 

Fn3m  the  result  of  those  exi)eriments  tliey  devised  an 
apparatus  for  the  puqwse  of  keeping  wounds  in  contact  only 
with  cjirbonic  acid  gas.  In  1859  they  say  of  the  results:  'Many 
patients  affected  with  gangrenous  ulcers,  with  diphtlieritic 
wounds  or  with  wounds  in  an  unhcidthy  state,  having  resisted  the 
ordinary  methods  of  treatment,  have  been  treated  by  us  diiring 
more  than  two  ye^rs  in  the  surgical  dejiaitment  of  the  "Maison 
inuuicijiale  de  Scnte,"  and  have  healed  with  a  rapidity  which 
was  truly  remarkable.'  Similnr  experiments  to  those  of 
Demarquay  and  Leconte  were  jverformed  by  Maujaignf:  in  1844 
with  air,  and  he  also  came  to  the  conclusion  that  air  does  not 
in\pf*de  the  healing  of  wounds. 

At  the  discussion  on  the  influence  of  air  on  wounds  in  1857  ' 
Velpeau  denied  that  air  as  such  was  deleterious,  and  said  :  '  11  y 
a  longtemps  que  je  rae  suis  attache  k  demontrer  qu'il  agitalors, 
n(m  a  la  maniere  d'uu  irritant  direct,  mats  tn  raitntn.  des 
dScoviposlHoiis  ckiTniq'aes  quHl  provoqiie  dans  lee  liquides. 


■   Cowyict-rendtu,  Vol.  XMX.    8oo  alw  KiMii  df-  PncumataL*g\t*  MH.  Paris, 
*  SulUitN  Ur  rAmd^mit  da  Mi'decine. 
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Ce  sont  CM  liquides,  et  non  pa^  Vair,  qui^  alUris^  dinatwi 
devleniient  irriiaiiia  pour  If^  flssus  quHla  toticJietU* 

Ope7i  methods 

While  these  discussions  on  the  influence  of  the  air,  and 
these  attempts  to  exclude  the  air  from  wounds,  were  going  on 
in  Fmnce,  a  method  of  treatment,  apparently  of  the  very  oppo- 
site character,  was  being  employed  in  Germany  with  better 
results.     I  refer  to  the  open  method  of  treatment. 

Though  Von  Kern  and  Walther's  methods  were  simply  the 
use  of  water  dressing,  yet  many  of  their  wounds  were  left  quite 
open.  But  the  first  to  use  the  oj>en  method  properly  so  called 
were  Bartscher  and  Ve/in.  The  account  of  their  method  and 
work  is  published  in  the  'Deutsche  Klinik'for  1856  by  Dr.  Vezin. 

Thirty  years  before  that  time  (aboutl  826)  Dr.  Bartscher  asked 
Vezin  tt»  assist  him  at  his  first  amputation  of  the  thigh.  After 
the  o|x;nition,  the  dressings  were  applied,  and  the  patient  was 
left.  During  the  night,  bleeding  having  occurred,  A''ezin 
was  called.  He  removed  the  dressing,  and  tried  to  find  the 
bleeding  jwint,  but  could  not  do  so.  He  therefore  concluded 
that  the  hremorrhage  was  due  to  the  pressure  of  the  dress- 
ing, and  accordingly  he  did  not  apply  a  new  dressing,  but 
simply  brought  the  edges  of  the  wound  together  by  means  of 
strips  of  plaster.  Next  morning  this  plaster  had  slipped,  and 
the  wound  was  quite  open.  No  further  dressing  was  applied, 
and  the  wouud  heale<l  well. 

They  soon  foun<i  that  wounds  healed  j)erfectly  well,  if  left 
to  themseh'es,  without  any  interference  on  the  part  of  the 
fiurgotni ;  and  ultiniatoly  they  laid  down  the  folU)wing  as  the 
best  method : — Insert  no  stitches,  apply  no  dressing,  simply 
throw  over  the  wound  a  piece  of  linen  to  exclude  the  flics, 
and  use  a  cage  to  keep  off  the  bed  clothes.  The  jjiUow  on. 
which  the  stump  lies  i«  changed  daily,  but  no  attempt  is 
made  to  cleanse  the  wound.  During  the  first  fourteen  dayslittle 
progress  is  made.  The  wound  beonmrs  covered  with  cnists, 
which  crack  and  let  the  pus  flow  out.  Healing  is  generally 
complete  in  eight  weeks.  Their  eases  were  treated  in  a  small 
hospital,  each  patient  generally  having  a  room  to  himself  iu  the 
firnl  instance. 
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Twenty- cij^lit  c&uteti  were  treated  in  this  way,  with  thi^eo  deiitba, 
coik8Lsting  of — 

14  amputations  of  the  thigh      .         .         .     No  dciith. 
6  „  leg  ...     2  deaths. 

(6  and  3G  days  after). 
4  „  upiK^r-oi-ui       ,      * .     1  deiith. 

(28  days). 
3  „  foi-e-ai-m  ,        .     No  death. 

2  »  great  toe,  metatai^al  „ 

The  causes  of  death  are  not  given. 

In  1859  Bl'Row  '  published  his  method,  which  differed  from 
the  other  in  that  the  wound  was  only  left  oprn  for  half  an  hour 
or  80  till  all  oozing  had  ceased.  The  edj^es  of  the  wound  were 
then  brought  together  by  means  of  stitches  and  plasters,  and  a 
piece  of  lint  was  laid  over  it  to  keep  out  the  flies.  The  stump 
swells  up  enormously  during  the  first  few  da3'8,  and  Jiurow 
thought  that  this  was  a  good  thing.  He  says  that  healing  is 
much  quicker  by  this  method  than  by  any  other.  In  1860*  he 
gives  details  of  ninety-four  amputations  performed  by  himself 
or  his  pupils,  with  oidy  three  deaths.  (Two  further  deaths 
are  excluded,  viz.,  one  from  tetanus  which  was  present  before 
the  oi)eration,  and  the  other  in  which  the  patient  lost  a  great 
deal  of  blo(.Ml,  and  where  Burow  did  not  himself  complete  the 
after-treatment.) 

These  eases  M-ero  : — 


thigh  (u])pct 

'  thil-d) 

Oi 

3i\ses  (1  death). 

„     (lower 

third) 

12  cases  (2  deaths). 

leg 

, 

18 

» 

metatai-sul  and  tiir-^al 

bones 

, 

7 

7» 

close  to  shoulder    . 

4 

}} 

upi)er  arm 

(ui>per 

third) 

. 

5 

» 

upper  arm  (middle) 

7 

»» 

„    (lower  third) 

7 

Jl 

foi-e-urm 

(upper 

thinl) 

4 

» 

f9 

(lower 

third) 

24 

)f 
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In  1859  Hurow  discusses  the  causes  of  death  in  cases  where 
dressings  are  a]jpjlied.  He  says  that  the  bandages  prevent  the 
swelling  of  the  Sf)ft  |»art  s  which  was  so  vnry  noticeable  in  his  cases. 
Phiga  of  bluod  clot  of  ii  certain  size  form  in  the  veins.  When 
the  bandage  is  removed,  the  limb  swells,  and  these  pings  become 
too  small  for  the  veins,  and  may  be  carried  away,  and  cause 
emlx>li  and  pyiemia.  Burow  also  refers  to  the  bad  practice  of 
using  unclean  sptinges,  instruments,  &.c. 

In  a  Uitcr  paper'  (I87G)  he  si)eaks  of  his  great  success  in 
excision  of  the  maniina.  He  had  openited  ou  53  cases  diuiug 
the  last  ten  years,  without  a  single  death.  In  these  instances, 
however,  he  washed  out  the  wounds  immediately  before  stitch- 
ing them  up  with  a  mixture  containing  chiefly  acetate  of 
alumina,  which  we  now  know  to  he.  a  pnw4Tful  antiseptic  (see 
p.  139).  He  also  dressed  suppin-ating  wounds  with  itle<lget8  of 
lint  sorike<l  in  this  solution  and  covcreci  with  gutta  ]»iTclia  ; 
and  he  himself  speaks  of  the  powerful  effect  of  the  solution  in 
arresting  ]>utrcfaction.  These-  cases  were,  therefore,  not  treated 
h}'  the  open  metho<l,  but  by  the  addition  of  an  antiseptic 
substance  to  the  discharge,  in  maay  cases,  no  doubt,  by  com- 
plete exclusion  of  bacteria,  i.e.,  on  the  Listeriau  or  aseptic 
principle. 

The  chief  advocate  of  the  open  method  in  England  has  been 
Dr.  HiMrnKKY,  of  Cambridge,  whose  great  success  at  the 
Addenbrooke'H  hosfntal  is  well  known.  In  a  lecture  on  the 
treatment  of  wounils  without  drcj^aings  (1867),^  he  siiys:  'MTiat 
is  the  great  requisite — the  sine  qua  non — for  tlie  imntediate 
union  of  wounds?  Obviously,  adaptation  of  the  cut  surface. 
Unless  these  are  jilaced  in  apposition,  they  cannot  easily  unite. 
Hence  the  want  of  union  is  commonly  proportionate  to  the 
want  nf  ajipnsition  of  the  HUJ*faces  ;  and  one  great  object  in  the 
treatment  ihust  be  to  secure  as  exact  an  ajtpo.sition  of  the  cut 
surfaces  as  possible,  and  to  reduce  to  the  minimum  all  sub- 
stances, blood,  dressings,  ligatures,  &c.,  that  may  intervene 
between  them,  and  keeji  tlieni  ajiart.  lu  the  case  of  smiill  ami 
superficial  wounds,  there  is  little  difficulty  alwmt  this.  Some 
sim|>le  method  jmswers,  and  they  heal  at  once.'  In  large 
wounds,  the  edges  are  brought  together  by  means  of  sutui'es, 
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and  afterwardii  no  application  is  eni{»loyed  with  the  exception 
of  warm  water  dressing  or  poultices  (rather  opposed  to  the 
antiseptic  element !),  which  are  occasionally  applied  after  a  few 
days. 

On  the  influence  of  air  on  wounds,  he  writes:  'But  I  am 
sometimes  aj^ked,  is  it  not  better  to  exclude  the  air?  Is  not  the 
air  a  source  of  mischief?  Is  not  the  well-doing  of  subcutaneous 
wounds  due  in  great  measure  to  the  exclusion  of  the  air?  To 
this  1  reply  that  it  is  certainly  well  to  exclude  air  fnuu  the 
interior  of  the  wound,  where  it  keeps  the  siuTaees  a[»art,  and 
l>romotes  the  decomiwsition  of  the  fluids,  and  jierhaps  of  the 
solids.  On  the  surface  of  the  wound,  however,  that  is  on  the 
skin,  it  does  not  act  as  an  irritant,  and  we  should  bcarcely 
ex]>ect  that  it  would.  We  have  long  been  in  the  habit  of 
leaving  wtmuds  of  the  face  uncovered,  and  they  usually  heal 
remarkably  well.  Why  should  we  not  follow  the  «uno  pnictice 
in  other  parts  of  the  body?"  Humphrey  used  aeu[iressure 
instead  of  li^itures. 

Thi:*  open  method  was  for  a  time  pretty  generally  adopted  in 
Germany  and  Russia,  and  to  Kronlein's  work  tm  the  subject  I 
shall  have  to  refer  later.  Of  kite,  however,  it  has  aliimst 
entirely  given  pUice  to  one  or  other  mode  of  treatment  with 
antiseptics. 

Healruf/  Irjf  Scdhhhuj, 

As  wo  have  already  seen  at  p.  279,  this  is  a  nearer  a])proaeh  to 
aseptic  treatment  than  the  open  method.  As  I  have  pir»viously 
fitatH](p.  310),  JoilX  Hl.vrEJt  made  extensive  use  of  this  jirin- 
ciple  in  the  case  of  small  wounds.  He  sometimes  applied 
various  i)Owders  to  aid  the  ftmnatiim  of  the  crust. 

8incc  Hunter's  time  uuini-rous  attempts  have  been  made  to 
ojirry  out  liis  principle  of  aif]>lying  powders  to  aid  the  forma- 
tion of  cnistH,  but  though  they  have  answered  very  well  in 
small  wounds,  they  have  not  succeeiled  in  large.  Discharges 
collect  benetith  them,  and  tension  is  the  result. 

Among  the  sulwtances  employed  in  this  way,  have  Iwcn 
ViU'ious  antiseptics,  and  of  these  maybe  menti(»nedNfc;i  noHFKK's* 
powder-     He   uses  salicylic  acid,   in   the   form  of  a   jiowder, 

'   Dir  f'hiruryitche  Bchatdlitttff  tUr  WHtidni*^  1877. 
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mLxed  with  other  substances,  such  as  starch,  zinc  oxide,  (fee. 
He  Justs  the  wound  with  the  powder,  and  rubs  it  up  with  the 
fluids  of  the  wound.  Thus  a  mass  is  fanned,  which  is  agtiiu 
rubbed  up  with  fresh  pow<It:'r  till  no  more  Huid  c^mes ;  then 
over  the  whole  some  pure  salicylic  acid  is  applied,  and  a  hindage. 
This  crust  is  left  on,  and  if  on  pressure  on  it  some  fluid  exudes, 
more  powder  is  applied.  This  is  generally  necessary  five  or  six 
times  during  the  progress  of  a  case.  Tliis  method  is  really  only 
of  use  in  small  wounds.  The  objections  to  its  use  in  large 
wounds  are  that  the  pain  is  great,  the  material  is  exi)enaive, 
and  there  is  very  apt  to  be  confinement  of  discharge.  Neu- 
dorfer  states  that  there  is  no  had  smell  in  the  coses  treated  in 
this  way.  Among  them  he  has  had  no  bad  ca^je  of  pyieuiia, 
hospital  gangrene  or  tetanus.  He  cannot  say  much  about 
erysipelas.  As  a  rule,  in  the  cases  which  were  attacked,  it  was 
generally  some  other  \niTt  of  tlie  btnly  wViieh  was  affected. 

Both  James  Moohe  and  Astley  Cooper  tried  to  obtain  crust 
formation  by  moans  of  chaiyle.,  and  the  same  sort  of  method 
was  employed  by  SvME.  The  latter  surgeon,  after  bringing 
together  the  edges  of  the  wound,  covered  it  with  a  piece  of 
dry  lint,  which  was  left  on  for  several  days. 

The  coinbinatioii  of  a  piece  of  lint  with  an  antiseptic  was 
the  method  employed  by  Bennion  of  Oswestry.  To  quot« 
\i\\\.  Adams,  who  mentious  this  treatment  in  his  luiblication  in 
1857,'  lSennion*s  method  in  com{>ound  fi-acture  was^ — 

*  Ist.  Immediate  reduction;  and  in  securing  a  good  ap|K>si- 
tion  of  the  fnictiired  surfaces,  he  would  frequently  employ  more 
force  tlian  many  surgeons  might  think  prudent,  so  that  he  very 
rarely  had  occasion  to  saw  off  any  portion  of  bone, 

*2nd.  He  cleared  away  all  the  blocvd  from  the  wound,  con- 
sidering that  it  interfered  with  tlie  reparative  process,  and 
brought  the  edges  of  the  wound  into  apposition.  He  then 
covered  the  wound  with  a  large  bit  of  lint,  satimited  with 
compound  tincture  of  benzoin,  and  bandaged  the  entire  limb, 
firstly  by  itaelf,  whilst  extension  was  being  kept  up  by  on 
assistant,  and  then  to  a  well-fitting  splint  adapted  to  the  case; 
in  the  lower  extremity  he  used  a  straight  sjiliut. 

'3rd.  He  put  the  patient  at  once  under  the  influence  of 
'  Subt^taneoHt  Surgerff^  1857, 
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opiiim*  upon  which  he  placed  great  reliance,  and  kept  up  its 
action  fnr  a  considerable  liriie,  according  to  the  circumstunccH 
of  (he  case, 

*  4^1.  Hr!  never  d  isturbod  the  first  dressing  or  bandage,  unices 
urgent  symptoms  indicated  the  necessity  for  so  doing.  If  «nch 
symptoms  did  not  appear,  he  would  allow  the  first  dressing  to 
remain  a  month.'  It  seems  that  Bennion  had  Home  very  re- 
miirkaHle  surct'sses  by  this  method. 

.Mr.  Listkk's  first  atteui]its  to  form  a  crust  by  means  of 
c/trltolic  4tnd  have  been  already  alluded  to  on  p.  128. 

Crust  formation  ha,«  been  aided  by  the  dtylufj  of  the  dia- 
charf^ea.  This  iKxiirred  in  Guvut's  cases,  though  he  did  not 
uini  at  it.  It  was,  however,  (he  pnnci}»le  in  (he  often  miscon- 
strued meth^xl  of  BotjissoN,'  the  so-called  *  ventilation  of 
wounds.*  Boui8&on*8  methmi  consisted  in  blowing  air  on  to  the 
8m-face  of  a  wound  by  means  of  a  caoutchouc  bag.  He  generally 
directed  the  patient  (o  do  this  himself.  The  'ventilation' 
lasted  a  variable  length  of  time,  according  to  the  extent  of  the 
surface  and  the  quantity  of  fluid.  A  rpmrt.er  of  an  hour 
generally  sut!iced  for  each  Heance,  and  this  was  re}»eated  four 
or  ^ve  times  a  day.  The  first  crust  which  formed  was  rarely 
sufficiently  thick  or  firm,  but  by-and-by  the  cnit^t  became  of 
sufficient  thickness,  and  when  this  was  obtained,  the  ventilation 
was  stopped.  If  the  crust  seemed  to  be  confining  the  discharge 
and  doing  hann,  it  was  softened  and  removed,  and  the  process 
begun  again. 

Such  was  Bouisson's  method  of  obtaining  a  crust.,  and  as 
this  method  has  been  often  quoted  ns  shewing  what  a  slight 
effect  atniosiihcric  dust  exercises  on  a  wound,  it  is  interesting 
to  note  the  advantages  he  cluimn  for  it.  These  advantages 
are:  1.  A  stdativc  action,  Bonisson  says  that  the  jmin  di- 
minishes so  much  that  the  patients  often  continue  the  ven- 
tilation for  a  long  lime.  2.  Astringent  action,  so  that  the 
vessels  are  constricted  and  there  is  less  tendency  to  inflam- 
matory congestion.  3.  Drying  action,  i.e.  the  formation  of  a 
crust.  4.  This  crust  exercises  a  protective  action,  protecting 
the  wound  from  the  air,  and  also  lessening  the  quantity  of 
secretion.  5.  Antiseptic  action:  from  the  evapoi'atioii  and 
'  Gfmjrtet-reHdiu,  t.  47, 18W. 
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concentration  of  llie  fluids,  decomposition  cannot  occur.  He 
says :  '  I^e  contact  de  I'air  et  de  ce  liqiiide '  (the  dischai^s 
from  a  wound)  *  sous  Tinflufnco  de  la  ohaleur  animale  deter- 
mine la  formation  don  produits  putrides  sulfhydriques  oa 
ammonincaux,  Isolds  oil  combines,  et  lem*  abondance  contribue 
a  faire  naitre  des  ph^nomencs  tyi»Iiiquea  ou  ataxiques  chez  ecus 
qui  se  trouvent  places  dan^  ces  facheuseti  conditions,  I>a  ven- 
tilation des  purfacea  snppnrantes  a  necessairement  poxir  eflTet 
de  ])revenir  ou  dVm|)e(her  de  jiareils  resultats,  et  Ton  |>eut 
dire  quVi  ce  litre  elle  est  autant  un  raoyen  d'hygi^ne  generale 
dans  les  h6[>itaux  qu'un  artifice  local  j»our  prevenir  la  resoq^tion 
putridt'.' 

In  his  coiicUibioiis,  in  wliitli  he  lays  stress  on  the  points 
already  mentioned,  he  says  that  wounds  and  ulcers  so  treated 
heal  wx)ner  an<l  with  fewer  accidents,  either  primary  or  second- 
ary, than  wounds  treated  with  dressings,  or  with  any  sort  of 
medicament.  He  lays  sjjecial  stress  on  the  avoidance  of  danger 
from  a  septic  state  of  the  pus.  He  recommends  the  use  of 
this  method  in  all  small  or  medium  sized  wounds,  ulcers, 
burns,  &c. 

Tlie  last  mode  of  forming  a  cnist  which  it  will  be  necessary 
to  mention  is  by  ca uteri f(aliatu  This  lias  been  resorted  to  by 
various  surgeons;  first,  I  believe,  by  Faire.  An  exhaustive 
paper  on  the  subject  was  jniblished  in  1843  by  Boxnet.'  The 
cauterisation  may  he  done  in  variotis  ways,  eith**r  by  caustics 
or  by  the  actual  cautery.  Of  caustics  Bonnet  finds  that  the 
Vienna  jiaste  or  chloride  of  zinc  alone  jue  the  best.  The  latter 
waii  extensively  used  by  M.  ('ANQroiN  and  also  by  M,  Gensoul. 
Bonnet  remarks  that  after  its  use  he  has  never  seen  decomjjosi- 
tion  occur  in  the  wound,  or  (thleUitis  and  j^ya^nia.  Bonnet 
preferreti  the  actual  cautery  for  various  reawin8.  He  attributed 
its  good  efieets  in  the  main  to  desiccation  of  the  tissue,  and  he 
used  the  actual  cautery  more  es]»eciany  in  wounds  which  had 
taken  on  a  bad  action. 


I 
I 
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IiTif/atio'n  (ind  the  Water  Bath. 

These  arf  very  efficient  antis^^ptic  methtKls,  and  indeed, 

believe,  stand  next  in  order  of  efHeiency  to  strict  iiseptic  men- 

'  See  liUo  Tmit/jnttti^ued/t  It  CnHteritatiflH,  d'ajtrr*  VeruteigMtmenf  elimqve 
4f  A.  Boftttff  tie  Lyon,     Par  K.  Pbilipeaux.  ly.'iO. 
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s,  more  especially  when  the  water  used  ia  impregnated  with 
an  antist^ptic. 

Without  eutering  into  the  older  history,  I  may  mention  that 
Otus  iu  550  jiniises  thf^  use  of  cold  wator  in  reoenf  injuries, 
and  iu  some  cases  used  more  or  less  continuouH  inigatiun. 
Again  I'alatiL'S  in  the  sixteenth  century  recommcndi*  the  use  of 
continuous  irrig;i(ion  with  cold  water,  and  speaks  of  having  in 
this  way  obtained  excellent  results. 

Two  centuries  later  Smith  '  in  England  (1725)  aud  Lamoiuer 
in  France  (1732)  advocated  its  use.  Lamorier,  indeed,  pre- 
ferred prolonged  water  IwUhs  t^»  irrigation.  LciMHAiin  and  PEKCY 
used  irrigation,  and  the  former  also  employed  water  baths 
pretty  extensively.  It  was  not  however  till  the  puldications  of 
Joss^  and  BfiruKD  on  irrigation  in  1835,  and  of  Mayor  on  the 
water  buth  about  183G,  that  these  methods  were  fully  re- 
cognised. 

During  the  further  iirogresa  of  this  method,  the  various 
questions  which  have  been  agitated  are,  as  we  shall  see, 
whether  the  irrigation  or  the  water  bath  was  the  best ;  whether 
these  ought  to  be  continuous  or  intermittent ;  what  the  tem- 
perature of  the  wat^r  should  be ;  and  whetlier  or  not  some 
antisejitic  subHtance  should  be  added  t*i  the  water. 

The  tirst,  as  I  have  said,  who  in  reet-nt  time  called  attention 
to  this  subject,  was  Jossfi;  his  work  containiug  his  views  was 
edited  by  his  son  in  183j.^  His  reason  for  using  irrigation 
was,  that  in  this  way  a  continuous  and  more  jierfect  ajjplieation 
of  cold  could  be  obtained.  He  used  it  in  all  the  larger  wounds, 
aud  in  all  inflammatory  state^i.  The  apjiuratus  which  he  em- 
ployed was  essentially  the  ^iame  as  llial  now  in  use. 

In  the  same  year  BEriARD*  (junior)  published,  quite  indepen- 
dently, a  pajieron  the  use  of  cold  water  lus  an  antiphlogistic. 
He  also  employed  irrigation  in  order  toobtiiin  a  conistant  diminu- 
tion of  temperature,  which  cannot  be  done,  he  thinks,  by  the 
ai)plication  <»f  cloths  dipped  in  cold  water,  even  though  they 
arc  impregnated  with  substances  which  volatilise  quickly.     He 


'  7'ht  Citriofrtifint/ (hm/HOH  M'tUt^r.  }72'.\. 
■'  Mf'tangen  tic  CAirHrtfif  jfrntiijiu,  .Jir.,  I*i35. 

'  Mhnoire   »ur    VewjflM  tie  Voav  froulc  citmme  antijihhigiKiiqMe  dan$   Ir 
truitemeni  det  maladicM  chirurfficalen,  1835. 
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mpntions  several  cases  which  did  very  well.  The  only  com- 
plication, which  he  thinks  in  really  to  U?  clremled,  is  denth  of 
the  tissues  frora  the  cont.innous  cold  ;  but  he  wiys  that  this 
rarely  rxrurs  except  in  severe  contusions*. 

In  1S38  Nivet'  published  u  paper  giving  some  of  the  re*jultJ5 
of  this  method.  He  mentions,  among  other  cases,  nine  com- 
pound fractnres  so  treated,  of  which  seven  recovered,  five  of 
these  without  any  local  or  geneml  inflainniatory  symptoms.  He 
mentions  various  accidents  which  may  occiu-,  of  which  the  fol- 
lowing arc  i'xamples:  Pain  (this  gencmlly  Hom  disapjtears)  ; 
p;iralysis  (observed  in  one  case);  tedema  (combiit  by  liaiidaging); 
jihlehitis  (very  rare);  inflammation  of  the  ]>art8  around  the 
fracture  ;  gang:rene  (genemlly  only  where  the  \i<\vi»  are  much 
injured);  anchylonis  or  stifiFuesa  (where  tlie  put  is  kept  for  a 
long  time  in  one  |>o8ition). 

Ab(mt  1834  M.  Charles  jAIayok  published  his  work  en- 
titled '  De  la  Localisation  des  IWn8  8iir  les  diverges  parties  du 
Coqw  humain.'  1  have  been  unable  to  obtain  this  work,  and 
have  had  to  content  myself  with  a  work  published  in  ]S4f> 
called  *  Les  Hains  sans  Baignoires  et  ramenes  a  leur  belle  nim- 
plicit^/  His  wish  was  to  provide  a  permanent  warm  bath  in 
imitation  of  nnture,  for  he  «iys :  *  Is  it  with  |)ledgets  of  charpte^ 
with  rags  spread  with  various  ointments,  with  compresses  and 
with  bandages,  cold  and  dry,  that  nature  cjirries  out  the  cure  ? 
Nature,  wise  and  simple  natiu-e^  ccmteuts  itself  with  calling  to 
its  .aid  a  warm  aud  permanent  Ixtth,  which  furnishes  it  plenti- 
fully with  lubricating  fluids,  thoroughly  ditfused  over  the 
wound,  and  constantly  being  reneweth'  He  jHiints  out  that 
this  bath  keeps  up  an  equable  temjieraturc,  uud  that  nature 
uses  it  after  removal  of  the  tonsils,  after  operations  for  harelip, 
after  tenotomy,  cataract,  abdominal  section,  tVrc,  and  it  is  to 
supply  its  place  in  external  wounds  that  lie  pro|K>ses  the  use  of 
the  permanent  warm  bath.  Mayor  described  a  variety  of 
appmatus  for  use  in  different  situations.  He  did  not  jihice  the 
whole  Ixidy  in  the  bath,  but  merely  the  diseased  or  wounded 
])art.  His  appanitus  was  so  constructed  as  to  permit  the 
renewal  of  the  water  without  removal  of  the  apparatus.  The 
temiiemture  of  the  water  was  about  22°'2o''  C,     The  baths 

"   aa^iftit  viKdi<>ah' dc  Paris,  J 838. 
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were  employed  for  several  days,  till  in  fact  there  was  no  fear  of 
the  occurrence  of  accidents. 

The  advantages  of  irrigation  were  admitted  hy  NfiLATox, 
and  more  especially  by  Malgaiune,'  who  thought  it  beat  to  use 
it  intermittiugly,  and  so  introduced  *  intermittent  irrigation/ 
Malgaigue  considered  that  the  temperature  of  the  water  ought 
to  be  regulated  by  the  first  sensations  of  the  }>atient,  and 
that  as  a  rule  it  ought  to  be  t^pid,  i.e.  about  20°  C.  MaU 
gaigne*8  term  'intermittent  irrigation' ui>piied,  however,  more 
to  a  sort  of  water  dressing  than  to  irrigation  proi)er,  the  cloths 
applied  to  the  woimd  being  soiiked  in  water  and  changed  at 
frequt^.nt  inter\*als. 

Although  at  first  the  use  of  water  was  greatly  resorted  to,  it 
soon  began  to  go  out  of  fashion,  chiefly,  it  was  said,  on  account 
of  the  accidents  to  which  it  might  give  rise,  and  when  Ami'ssat  ■ 
fits  wrote  his  elaborate  thesis  on  this  subject  in  1850,  it  was 
but  little  prac^tised.  In  this  thesis  Amussat  deals  chiefly  with 
the  question  of  the  t^mfieniture  of  the  water,  lie  and  his 
fiitht^r,  after  Jong  inve.stigation  of  the  subject,  came  to  the 
conclusion  that  many  of  the  bad  effects  attributed  to  the  em- 
ployment of  w;iter  were  due  to  its  being  used  cold.  They  found 
that  cold  water  from  0°-10°  C,  was  a  jxjwerful  antiphlogistic 
and  sedative,  but  that  it  was  liable  to  do  harm.  Water  at 
30°-35**  C.  relieves  pain  in  an  inflamed  j«irt.  and  promotes 
suppunition  :  it  however  tends  to  cause  congestion.  Water 
at  18°-25''  C.  has  all  the  advantages  of  cold  water  withotit 
its  di^dvantages:  it  abstracts  heat,  but  does  not  cause  con- 
gestion. They  recommend  the  use  of  soft  water  and  water 
contmning  few  salts.  Amussat  considers  that  immersion  is  the 
most  effectual  mode  of  ajq^lying  water;  next  to  that  comes 
irrigation,  and,  lastly,  a  furrn  of  water  dressing  which  lie 
describes  in  detail. 

Looking  on  irrigation  and  the  water  bath  simply  as  a  means 
of  abstracting  heat,  EsmarcI!,^  in  18fi0,  writes  very  strongly  in 
favour  of  cold,  and  he  recommends  iced  water  anil  even  ice 
itself.     He  mentions  several  cases  in  support  of  his  \'iew9. 


*  J)e  l*irriifatian  AtMt  Us  maladi^t  ckiryrgit'ttUi.     Tti^Mi  dv  cuiicuurs,  Puru, 
1842. 

'  D€  Cemplin  de  Vea^n  vn  ohimr^e,  1860. 
*    Arohivfiir  kH».  CkirHrgie^  I86(\ 
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In  1872  IsAMBERT  *  also  writes  in  favour  of  cold  irrigation, 
but  as  there  is  nothing  new  in  his  work,  I  need  not  refer 
further  t^i  it. 

While  this  discussion  as  to  the  t€mj>erature  of  the  water 
was  being  ciirried  on,  others  were  using  the  water  bath  with 
the  view  of  exchuling  the  air  and  avoiding  putrefaction.  I 
refer  especiaUy  to  the  attempts  of  Stromeyer,  Laxgenbeck  and 
Valette. 

In  Bjute  of  the  writiucrs  of  Mayor  and  Amussat,  the  perma- 
nent water  bath  made  but  little  progress  till  it  was  taken  up 
by  T-ANriRNHECK.  Since  1839  I^mgenbeck  had  made  several 
attempts  to  exclude  air  from  wounds.  These  attempts  resem- 
bled those  of  Jules  Guerin  and  others,  previously  mentioned, 
but  they  were  not  successful  in  I-angenbeck's  hands,  owing  to 
the  coufiuement  of  the  discharges.  Accordingly,  during  the 
Schleswig-Iiolstoin  war  in  1849,  Langenbeck  commenced  the 
use  of  the  warm  water  baths  with  the  view  of  excluding  the 
air.  At  the  same  time  also  Stromeyer  made  similar  experi- 
ments. During  the  next  few  years  Langenbeck  perfected  his 
method,  and  at  length,  in  Sejitember,  1855,  he  published  an 
elabor.ile  paper  on  (he  subject.^ 

Just  before  the  publication  of  I^ngenbeck's  paper,  PU'ard/ 
who  had  been  visiting  Laugenbeck's  clinique,  published  an  ac- 
count of  his  practice  and  results  in  the  '  (iazette  hebdomadaire  de 
Medeciue  ct  deChirurgie.'  lu  this  ]»aperhe  speaks  veryLighly 
of  the  method,  showing  how  it  relieves  pain,  how  there  is  but 
little  local  inflainination  or  constitutional  distiu-bauce,  how  the 
appetite  remains  good,  how  granukitions  form  rapidly,  so  as 
indeed  at  times  to  be  exuberant,  how  there  is  no  odour,  and 
how  this  method  seems  to  protect  the  ^Kitient  againf^t  the 
chance  of  pyremia  better  than  any  other.  In  contrast  with  this, 
he  describes,  in  a  ver^^  grai>hic  manner,  the  course  of  a  wound 
treated  by  the  ordinary  methods — a  course  connnon  at  that 
time,  and  indeed,  as  I  have  myself  seen,  by  no  means  uncom- 
mon at  the  present.     He  says:  '  Dejjl,  grace  au  chloroforme.,  la 

'  Ciumdrfiitiohjt  cliniijueg  irnr  Ifit  httm  rffii$  dt'  Virriffatwrt  rontinuf  et  (/« 
ajtpUciituntf  /roidt»  rrnourcUt*  tiam  le  iraitement  dc9  fracturrt  are  plait. 
TWsc.  1872. 

»  DeHt$ehr  Klimk.^io.  37.  1855. 

'  (iazett-e  hehdomaUitire  th  Mfdecine  et  de  Chirnrgic,  1856. 


WATER   BATH—LASGEKBECK. 


343 


doukur  disparait  au  moment  decisif;  rhomme  vivunt  est 
insensible  ROUS  le  bistouri;  nes  lainentations  ne  vienneut  plus 
interrompre  l'op<Srateur.  Mais  apr^s  avoir  depa^se  le  seiiil  de  la 
salle  d'operation,  d^s  que  la  torpeur  anesthesiquo  8*est  dis»i])ee, 
le  patifDt,  abattu,  atfaibli,  voit  H'ouvrir  devaut  lui  tuut  un 
avcnir  de  souffrauces.  La  douleur,  un  moiueut  coiujirirnee,  se 
dechaine  avec  violence.  Plus  de  rqKJs,  plus  de  somiufil.  I/es 
terribles  secousses  de  la  fievre  inflammatoire  e[HU8eut  le  lualade 
et  comproniettent  le  sucees  de  I'operation,  Les  tortures  quo- 
tidienues  du  pausement  vienuent  aggraver  cet  et<it  generaL 
Qui  n'a  pa»  eu  Ic  ooeiir  seiTe  en  eutendant  les  plaintes  ar- 
racbees  j>ar  le  raoindre  inouvement  de  la  i)artie  operee,  i>ar  le 
tiraillemcnt  dea  brins  de  chari)ie  agglutinin,  par  la  presaion 
grossiere  et  inegale  du  bandage,  sans  compter  Tatmosphere 
infecte  dans  la<]uelle  le  malade  et  ses  vnisins  stait  coiidunines 
a  vivre,  les  suuillures  des  draps  et  des  couvertures?  Enfiu,  la 
nature  est  d^rang6e  dans  son  travail  reiuimtour ;  ebaque  tour 
(le  haiide  change  les  conditions  de  la  plaie,  et  le  chirurgieu  ne 
pent  lui-nienie  diriger  la  guerison  ' 

Langenbeck  i)laced  the  wounds  in  the  bath  immediately 
after  o[)eration.  Where  possible,  he  stitebed  up  the  wound, 
leaving  a  sj)ace  at  the  angle  through  which  dist^harges  jMissed, 
and  through  which  the  ligatures  were  brought  out.  During 
the  first  twcnty-foiu*  hours,  (be  limb  was  simply  suspended  in 
a  bath,  and  wjis  not  arranged  in  one  of  the  apparatuses  which 
are  i\\\t  to  constrict  the  jkiH  and  cause  bleeding.  When  the 
edges  could  not  be  brought  together,  charj/ie  and  a  bandage 
were  applied  for  the  first  twenty-four  hours  to  jirevent  bleeding. 

The  permanent  bath  was  continued  till  granuhitiou  was 
complete,  and  till  epidermic  formation  had  commenced.  The 
limb  and  granulations  were  apt  to  become  cedematous,  but  this 
subsided  in  a  few  hours  after  the  removal  of  the  j>art  from  the 
bath.  The  api>aratus  was  em])tied  night  and  morning,  and 
the  walls  of  the  vessel  carefully  Kpongi»d  with  water  con- 
taining chlorinated  soda  or  chloride  i>f  lime.  When  the  stump 
had  been  closed  at  first,  the  wound  was  dfuly  injected  along 
the  course  of  the  ligatures.  The  teni]»erature  of  the  water 
was  at  first  IC-ia**  C,  but  it  was  niiscd,  as  the  jiatient  could 
bcai-  it,  to  Sl'-a?**  C-     The  skin  of  the  stump  had  a  thick 
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layer  of  grease  over  it,  to  prevent  tbe  action  of  the  water  on  the 
epidermia.  AMiere  the  whole  body  had  to  be  immersed,  the 
immerHiou  was  continued  for  a  half  to  one  hour  daily  in  water 
at  the  temperature  of  34^  C,  Water  dressing  was  employed 
towards  the  end  of  the  case. 

Langenbeck  gives  the  following  as  the  ad\'antages  of  the 
permanent  water  bath  : — 

1.  It  diminishes  pain  in  the  wound,  and  also  does  away 
with  all  painful  dre.saiugn. 

2.  The  intensity  of  the  fever  is  less. 

3.  Stagnation  and  decomiK>8ition  of  discharges  are  com- 
pletely pr(?vented. 

He  says  that  in  wounds  ao  treated,  union  by  first  intention 
is  rare,  though  not  imknown. 

Among  the  cases  trwited  in  this  way  he  luvd  Lad,  dminc^  a 
period  of  iive  or  six  years,  no  instance  of  jiyivmiaj  although,  as 
he  says,  some  of  the  cases  were  very  well  suited  for  its  occur- 
rence, and  although  jtyiemia  was  prevalent  at  the  same  time  in 
other  wiirdri  and  even  in  cases  in  the  same  ward.  He  says  : 
'  Cooling  of  the  wound,  retention  and  putrefaction  of  the  dis- 
charge, and  miatiUiatiL-  iuHuenccH  (hosjfita!  air)  are  the  causes 
of  pya?mia.  These  noxitius  agents  can  be  completely  excluded 
by  the  careful  employment  of  a  water  bath.*  He  also  believes 
in  the  spontaneous  occurrence  of  pyaemia,  through  constitu- 
tional and  blood  defects,  and  he  does  not  think  that  these  rare 
csLses  would  be  prevented.  Then,  also,  decomposition  of  the 
disehargcs  in  a  complicated  wound  is  quite  possible,  even  in  u 
water  btith,  and  might  lead  to  pj^ajmia.  He  mentions  several 
(7)  cases  to  show  the  good  rcHults.  It  is  interentiug  to  note 
that  one  of  these — the  only  fatal  case — was  one  in  which, 
(hiring  the  removal  of  a  tumour,  the  kiiee-j<iint  was  opened. 
Viijlent  intlammation  and  suppuration  of  the  joint  followetl  and 
the  patient  died  on  the  twenty-first  day. 

Langenbeck's  paper  was  followed  a  month  later  by  one  by 
Dr.  FcKK,*  He  contirme<l  l^ingeiibcck's  g<KHl  results,  compar- 
ing together  ciises  of  PirogoJi[''s  amputiitiuns  treated  by  the 
warm  bath,  with  others  treated  by  the  ordinary  methods,  much 
to  the  advantage  of  the  former.  Ife  mentions  also  that  Dr. 
'  DenUche  Klimk,  Oct.  185A. 
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AGNER  of  Dantzic,  who  had  adopted  it,  reported  that  formerly 
pjsemia  was  very  prevalent  in  that  hospital,  but  that  since 
the  introduction  of  the  warm  water  bath  it  had  almost  entirely 
disiappeored. 

lu  a  paper  iu  185(),  Pieard '  mentions  that  GossEUN  and 
Laugieu  had  adopted  this  method,  and  Fock  also  refers  to 
Uliuch. 

In  October  1856,  Zeis  of  Dresden  published  a  note  entitled 
'  Beitrdg  ziir  W'lirdigurifi;  dcs  permiuientcu  wanucn  Wasser- 
bades,'' in  which  he  advocates  the  use  of  a  still  higher  tempera- 
ture thau  that  recommended  by  Langenbeck.  Zeis  finds  that  a 
permanent  bath  below  the  body  temperature  is  seldom  endured 
by  the.  ]iatient.  The  best  ten»perature  is  37^-42*  C.  For  am- 
putations So^-S?"  C.  may  b*^  sutiicient. 

It  is  unnecessary  for  me  to  jiursue  the  history  of  Ivingi^n- 
beck's  method  further.  It  is  thu  one  generally  adopted  where 
immersion  is  employed,  and  for  some  time  it  was  very  exten- 
sively used  in  Germany.  It  has  of  late  gone  out  of  use,  not 
because  its  results  are  not  good,  but  because  it  is  difficult  and 
inconvenient  of  ajiitliaition,  and  because  it  can  now  be  replaced 
by  more  effectual  and  simpler  methods. 

Before  leaving  this  subject,  however,  I  must  do  justice  to  a 
methtxl  iu  which  the  antiseptic  element  was  more  fully  recog- 
nised, and  in  some  re8[>eets  better  carried  out,  but  which  has, 
very  strangely,  not  attained  any  prominence,  probably  because 
the  name  of  it-s  author  was  eclipsed  by  the  better  known  name 
of  Langenbeck.  I  refer  to  the  method  proposed,  and,  while  he 
had  opportunity,  carried  out  by  VALK'rrK  of  Lyons.' 

Vjilatte's  view  was  the  following :  '  The  safety  of  sub- 
cutaneous wounds  sufficiently  demonstrates  that  the  presence 
of  the  air  iu  the  wounds  is  the  primary  cause  of  their  bad  course.' 
*  How  does  the  air  act  ?  This  is  a  delicate  question,  but  the 
fullowing  is  the  eTEj)lanation  which  appears  to  me  to  be  the  fairest. 
As  ^i^oxi  as  the  operation  is  finished  the  bloinl  and  the  liquids 
whiili  collect  on  the  surface  of  (he  wound,  dccoiriposc  under 
the  influence  of  the  contact  of  tin'  air.     Sulphuretted  hydrogen 


»  Gazrttt  hfbihnuiHaii'f.  1856.  '  DtmUeU*  Kthik,  Chit^ber.  18fin. 

■  Sur    UHe   mmetllr    mfihode   de  patiirmrni   dta   ffrattiiet  jilaitM    {mHhode 
awM^rojiltutique),  Oazette  hebdvmadaire,  ISoO. 
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and  putrid  gases,  if  you  will  ]mrdon  this  expression,  are  formed 
and  absorbed  in  part,  and  exercise  a  deleterioue  influence  on 
the  body.  In  a  word,  there  is  a  tnie  ix)i3oning  of  the  |Mitipiit, 
which  the  con«titution  often  withstands,  though  not  always, 
especially  when  the  ijatient  is  placed  in  unfavourable  hygienic 
conditions,  as  is  the  case  in  the  wards  of  our  hospitals.  Id 
these  eases  the  phenomena  of  eicatrisation  do  not  proceed  in  a 
favoiuable  manner,  suppurative  phlebitis  occurs,  and  pus  jmsses 
into  the  circulation ;  purulent  absor])tion  is  an  aceoin[ilished 
fact,  and  death  is,  one  luay  say,  an  almoet  inevitable  conse- 
quence.* 

To  avoid  these  dangers  Valette  imraersL-d  tlie  wounded  jwirt 
in  baths  containing  water  iuipregnjited  with  tincture  of  buuzine, 
creosote,  alcohol,  or  perchloride  of  iron.  The  last  gave  the  best 
results.  There  was  no  putrefaction  of  this  tluid,  and  he  seems 
to  have  hud  grciit  success,  lie  was  efii»ecially  struck  with  the 
absence  of  traumatic  fever. 

PupiER,'  who  wrote  his  thesis  in  1855  on  Valette's  method^ 
mentions  a  number  of  cases  which  did  well,  and  states  that,  in 
order  to  prevent  the  water  fi-om  getting  too  wann,  it  was  in 
one  case  ehangvd  as  often  as  thrice  daily. 

A'alette  hail  only  a  limited  i»])portuuity  for  carrying  out,  his 
experiments,  for  after  a  short  time  he  was  })laced  in  charge  of  a 
children's  ward,  where  he  could  no  longer  practise  this  method. 

*  D'un  traitiiKent  eoMitmtif  $pecial  tUs  amputations.    Th^se,  1&5S. 
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The  last  point  to  which  we  have  to  refer  is  the  use  of  antiseptic. 
As  we  hare  already  seen,  varions  antiseptics  have  been  in 
use  for  many  centuriea  as  ap]>Iic'ation8  to  wounds,  and  Rome 
surgeons  indeed  have  ascribed  the  good  results,  derived  from 
Iheir  use,  in  tlie  main  to  their  anti-ptitrescent  i>ropertie8.  In 
spite,  however,  of  the  attempts  of  siu*geons  at  different  times 
to  draw  attention  to  these  properties,  it  was  not  till  the  publi- 
cation of  Come  and  Demeaux's  method  in  1859  that  general 
interest  in  the  subject  was  aroused. 

Among  the  subi^tances  formerly  employed,  alcohol  wiis  pro- 
l>ab!y  the  one  in  most  extensive  use,  and  after  the  subject  of 
antiseptics  came  to  the  front,  it  was  freely  eiu]iloyed  in  some 
quarters.  As  I  have  just  Siiid,  alcohol  was  formerly  used  in 
great  quantities,  but  then  it  was  generally  combined  with  other 
substances,  though  it  probably  was  really  the  active  basis  of 
the  compounds  so  jjri'pared.  Tims  the  Ijalaamof  Fiomventi — a 
celulmited  applioa(ii»n  to  wnunds^ — consisted  of  turpentine, 
m^mrh,  aloes,  a  large  quantity  of  alrohol,  and  several  unim- 
portant substances.  Many  of  the  various  lotions  which  have 
been  most  pojtular  at  different  times  had  a  similar  constitu- 
tion. 
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Bataill^:  '  puhlished  a  little  pam[ihlet  in  1859  advocating 
the  use  of  alcohol,  but  it  was  most  extensively  adopted  by 
NfiLATON  in  1863,  and  also  by  Lk  Fort. 

Chedevekone*  in  1864  jmblUhed  a  detailed  account  of 
Nelatou's  |iractioe  with  the  results  which  he  had  obtained. 
Nelaton's  method  was  to  soak  churpie  with  camphorated  alcohol, 
and  apply  it  over  the  wounds  in  thick  layers.  These  were 
either  kept  wet  by  frequent  uiTosion,  or  were  covered  with  an 
overlapping  layer  of  irnjtenneable  tissue,  or  in  some  cases  the 
dressing  was  changed  twice  daily.  Patients  treated  in  this 
way  remain  in  good  health,  the  edges  of  the  wounds  adhere, 
no  granulations  are  formed,  but  the  wound  becomes  covered 
with  a  layer  of  lymph  imder  which  cicatrisation  rapidly  occurs. 
This  is  the  rule,  thotigh  not  an  absolutely  constant  one.  In 
open  wounds  the  granulations  can  scarcely  be  seen.  There 
is  an  abundance  of  coagulable  lymi)h,  Jilmost  no  appreciable 
suppuration,  and  no  bad  smell.  In  some  ciises  the  ckarpie 
becomes  embedded  iu  the  eoiiguliiti'd  albumen,  and  the  whole 
dries  up  and  forms  a  crust. 

Cliedevergne  says  that,  for  more  than  a  year,  operation 
wounds,  and  injuries,  had  been  treated  with  camphorated 
alcohol,  or  with  j>ure  spirits  of  wine,  and  that  during  that  time 
pyaemia  and  other  infective  diseases  hud  been  almost  entirely 
absent.  Of  forly-^ight  ]»atient,s  wbc»  had  undergone  severe 
operations,  only  thrt-e  died;  one  of  tuberculosis,  one  of  hypo- 
static pneumonia,  and  one  of  pyfemia, 

RoCHAUD  '  gives  later  statistics,  in  which  he  shows  that  there 
were  oidy  two  cases  of  pyiemiii,  and  five  of  erysijielas.  Good 
success  in  the  Hopital  des  Ctiuiques  ! 

On  a  previous  l>age  (p.  Ufif>)  I  have  referred  to  Mr.  Hittch- 
INSon's  meth'xl  of  using  alcohol,  lie  mixes  it  with  acetate 
of  Iciid  somewhat  after  the  manner  of  Astley  Cooi>er. 

Ghfcerlne  was  used  pretty  extensively  iu  England  after 
1840,  but  was  introduced  in  the  treatment  of  wouuds  mainly 
by  Demarwvay  in  1855.*     He  first  employed  it  in  cases  of  hos- 


■  De  Vnloottl  rt  dru  e9mpt*9h  aUioaliquct  rn  Ckirufj^ie.    Far  MM.  ButaiU£  ct 
Juillot.  185t>. 

"  Itulh-tin  tj^nhal  da  TfiSrapeiU^w.  vol.  Irvii.    18(J4. 

>  Loc.  eit.  *  Oatettif  ties  mjntaiM,  October,  1856. 
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pital  gangrene,  and  he  found  thut  they  rnpidly  began  to  im- 
prove uniJer  its  use.  He  then  extended  the  treatment  to 
ordinary  wounds.  He  claimed  all  sorts  of  advantages  for  it.  In 
1859,  more  especially,  he  stated  that  it  was  a  PiK*cific  against 
ery8ij)elas,  pyemia,  hospital  g:mgrene,  &c.  He  thought  that  it 
was  the  beat  antiseptic  a ubst^mce,  and  indeed  a  u n i versal 
|Winaceu.  Since  that  time  it  has,  however,  been  extensively 
tried  and  found  wanting,  and  has,  as  Koehard  fiays,  for  u  long 
time  been  justly  relegated  to  the  modest  place  in  therai>eutic8 
whitrh  nature  had  assignetl  to  it. 

Chlorine  and  it^  compnmds  have  been  used  as  di8infec- 
tantH  ever  since  its  discovery  in  1774.  GUVTON,  in  179.5,  re- 
commended its  use  in  hospitals  by  fimiigation,  iu  orfler  to 
destroy  mi,T.sm3.  The  Liquor  de  Lal)aratjue,  which  attained 
considerable  notoriety  as  a  disinfectant,  consisted  mainly  of 
chlorinated  soda.  In  more  recent  times  the  chlnnne  com- 
pound:;, more  eajtecially  chlorinated  soda  and  chloride  of  Hme, 
have  been  em])loyed  in  the  treatment  of  wounds,  the  wounds 
l>eing  washed  or  syringed  out  with  the  solution,  and  dress- 
ings a]>p1ied  which  were  frequently  nioistentMl  with  the  same. 
Hehviecx  applied  a  sponge  swiked  in  the  solution  to  the 
woimd,  and  this,  according  to  him,  not  only  disinfected  the 
discharge,  but  also  absorbed  it.  M.  Guersant  also  used  it 
Inrgely. 

ChaLVET  '  recommends  the  introduction  of  chloride  of  lime 
into  the  superficial  layer  of  the  charpie.  Chlorine  is  given  otf 
from  this,  and  prevents  the  decomposition  of  the  discharges. 

We  have  already  mentioned  Muride  of  zvuc,  which,  as  we 
have  seen,  was  exteusively  em|»loyed  as  a  caustic  by  Caxqcoin 
and  Gensoul.  Bqxnet  also  used  it,  and  remarked  on  the  absence 
of  jiutridity  in  the  wounds  made  by  it.  In  more  recent  years 
Camphkix  de  \IoR(_iA\  has  again  used  it  as  a  caustic,  and  also 
made  the  same  remark  as  to  its  antiputrescent  {)Owei*».  It  thus 
came  to  be  emi»loyejI  as  a  lotion  in  the  treatment  of  wounds, 
but  it  has  uever  become  extensively  used.  The  chief  use  to 
which  it  is  put  nowadays  is  by  Mr,  Llstek  iu  disinfecting  foul 
ulc4>rs  or  sinuses  (see  pp.  65  au<i  116), 

'  De$  drtnttfifiantt  et  dr  Icur  applu'atinn  *t  la  71n^rajH'\f1'nj>ic  et  h  V Ilyijicne* 
.Veuunrc  de  V Academic  imjtfrialc  dt:  MaUuinrt  vol.  xsvi.     IStia. 


330 


HISTORY  OF  AyriSEPTIC  SURGERY. 


VelpeaU  in  1859  suited  tliat  Iodine  had  been  in  use  an  a 
topical  application  for  over  thirty  yeara.  On  the  contrary, 
DifKOY  iisMerted  tliat  it  was  only  as  a  consequence  of  a  com- 
niunioition  made  by  liiin  in  1854  that  iodine  was  first  em- 
ployed in  wonudH,  Iodine  has  at  times  been  used  in  the  jmic- 
tice  of  various  surguonB.  Thus  Mr,  Spenoe  of  Edinburgh  at 
one  time  jwintod  the  .siiifnce  of  stumps  with  iodine,  and 
thought  that  he  got  good  results  from  it;  however,  he  soon 
U>ok  to  painting  stumps  with  other  things,  and  the  iodine 
fell  into  diHUBe. 

The  only  preparation  of  iodine  which  is  now  employed  in 
the  treatment  of  wmmds  is  Iodoform^  which  is  of  great  use  in 
chancres  or  foul  ulcers.  I  have  already  referred  to  the  method 
in  which  it  is  applied  in  the  latter  cases  (pp.  65  and  94). 

Various  metiillic  aalts  have  been  from  time  to  time  intro- 
duced, such  as  Chlorait  of  PutuHh  by  Miltojt,  This  acts  very 
well  in  ulcers  in  the  mouth,  but  is  not  of  any  very  great  value. 

Perchlortde  of  irtni  was  ('in]ilf>yed  as  a  disinft^M'tant  by 
PELEAIT,  and  1  have  aheady  refen-ed  to  the  use  which  VaLETTK 
made  of  it  (p.  346). 

Nitrate  of  lead,  8ubnili*ate  of  bismuth  and  other  powders 
have  also  been  spoken  of  at  various  times. 

During  the  middle  of  the  present  century  there  had  been 
constant  efforts  made  in  various  directions  to  diminish  the 
great  mortality  in  French,  more  especially  in  Parisian,  hospitals 
by  means  of  some  method  of  wound  treatment.  We  have  seen 
how  at  hrst  it  was  chiefly  the  action  of  the  air  on  the  w(mud 
which  was  guarded  against,  but  in  1859  it  had  come  to  be  fully 
recognised  that  the  chief  thing  which  was  required  was  to 
prevent  decomposition  of  the  discharges.  It  is  therefore  not  a 
matter  of  sur^jrise  that  when  Ojrne  and  Demeaux  in  that  yenr 
brought  forward  a  powder  which  they  believed  to  be  cjipable  of 
attaining  this  object,  attention  was  at  once  directed  to  the 
subject,  and  not  only  did  debates  occur  in  the  scientific 
societies,  but  exiHM'iments  were  also  made  in  the  various  hospi- 
tals with  this  and  other  antiseptic  substances, 

Ahvady  in  1HI5  the  antiseptic  and  ilisinfectant  projiertiea 
of  cold  tar  had  been  recognised  by  Chaiimette,  and  GuiBOUiT 
(1833)  and  .Sikkt  (1837)  also  wrote  on  the  subject.  '  in  1846 
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Bayako  introducetl  an  rxcellent  disinfcebint,  of  whicli  the  chief 
ingrc'dient  was  coal  tar. 

In  1858,  M.  CoRNK  took  ont  a  juitont  for  a  pow(U*r  which 
he  had  for  some  time  employed  as  a  disiufocUmt,  and  in  the 
same  year  Demeadx*  used  thi»*  powder  in  the  treatment  of 
woimdsi.  The  ]>owder  employed  by  Come  and  Demeaux  '  had 
the  following  oomiK>sition:  of  ordimvry  plafiter  of  commerce  in 
very  fine  jKiwder,  100  parts  ;  of  coal  tar  (obtained  from  dis- 
tillation of  coal  in  the  manufacture  of  gas),  I  to  3  parts.  TheBe 
substances  were  readily  mixed  together  in  a  mortiu*,  and  then 
olive  oil  was  added  till  they  acquired  the  consistence  of  paste. 
This  paste  was  applied  to  wounds^  more  especially  to  foul 
wound;*,  and  it  was  found  that  it  disinfected  (deodorised  ?)  the 
discharges  at  once,  and  that  it  also  absorbed  them.  They 
stated  that,  'the  action  of  this  disinfectant  substance  seems  to 
arrest  the  work  of  decoiapusition  ;  it  keeps  away  the  flies,  and 
prevents  with  certainty  the  production  of  worms,*  Their  ex- 
|)erimeut8  were  made  ])artly  in  private  practice^  and  j)artly  in 
Velpejm's  wards,  Velpeau  observed  that  in  the  cases  treated 
in  this  way  suppuration  was  also  diminislied. 

In  the  discussion  which  ensued  at  the  following  meetings 
of  the  Academy,  various  opinions  were  expressed  as  to  the  iise 
of  antiseptics  in  general,  and  as  to  the  action  of  this  piu'ticular 
powder.*  M.  Chkvhkul  found  that  the  eojil  tar  jiowder  did 
not  destroy  the  odour,  but  rather  cltxiked  it,  while,  on  the  other 
hand,  hy]>ochlorite  of  lime  in  large  quantities  made  it  disapi'tear. 
]fe  thought  however  that  the  eoal  tar  jK>wder  would  act  in 
jirevcnting  putrefactidn.  M.  Rrssv  called  attention  to  the 
fact  that  other  disinfectants  were  in  constant  use,  and  were 
also  employed  to  prevent-  putix»faction.  Such  were  carbon, 
chloride  of  lime,  soda  or  jiotash,  creosote,  &c.  AI.  Renault 
stated  that  as  long  ago  as  1840  he  had  jmblishcd  a  memoir  on 
disinfection  of  wounds ;  for  at  that  time  he  hfid  come  to  the 
concliision  that  the  putrefaction  of  bl(x>d  and  discharges,  and 
the  contact  of  these  putrid  materialft  with  the  wound,  were  the 
cause  of  t he  bad  aft er-eonseq iiences,  } i e  had  found  that 
h^'jjochlorite  of  lime  was  the  best,  though  in  some  cases  the 

'    Vni^fi  mediiHilt^  I860.         '  Bulletin  de  I'Acndeaiie  Ar  Afeti^tfuie,  ISofl. 
»  Ihid. ;  see  also  Gazette  medicate  de  PurU.  1860. 
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disengaged  chlorine  irritated  tbe  Iuii^h.  Henee  he  welcomi 
the  coal  tiir  ]K)wder,  but  he  stilted  that  veget^-ible  U\r  acted  a»l 
uell  and  bad  a  lesn  disagreeable  odour,  CALVKKxhad  previously' 
hhiiwTi  that  carbolic  acid,  which  was  present  in  cotd  tai*,  was  a 
powerful  disirift'ct^uit,  aii<l,  at  a  later  meeting  of  the  Academy, 
he  Btiited  tlmt  it  bad  been  used  in  MancbeHler  in  1857,  in  tho 
prewTvation  of  dead  btKliertl^\vi(h  success.  I)i;ma.s  had  Htated,at 
u  previous  meeting,  tliat  carbolic  acid  was  present  in  coal  tar 
in  Hmall  quantities  and  that  the  least  (nice  of  carholate  of 
sodji  was  sufficient  to  preserve  animal  matters. 

After  the  reading  of  Come  and  Dernoaux'  paper  and  the 
subsequent  discussion  in  the  Academy,  a  commission  was  ap- 
pointed by  \\\\'  Academy  to  enquire  into  the  matter.  This  com- 
mission consisted  of  Chevkeiil,  J.  CtogrKT  and  A'eli'Kau,  As 
the  result  of  their  investigations,  they  concluded  that  this 
powder  was  most  uneful  for  disinfecting  substances,  but  that 
it  was  not  a  convenient  a|>]dication  to  wounds,  that  its  odour 
was  disagreeable,  that  it  had  ufteu  to  lie  renewed  and  that  it 
soiled  (he  b'nen.  I^kmairk  also  adds  that  it  solidities  iind  pre- 
vents tbe  escape  of  pua. 

The  commission  tried  various  other  substances  which  had 
been  mentitmcil,  such  as  glycerine,  sugar,  cbionite  of  potash, 
&c,,  but  found  that  they  were  not  much  better  than  ordinary 
eerates.  TinctiU'e  of  iodine  was  found  to  act  fairly  well,  but 
to  cause  too  much  pain;  chlorine  and  tbe  hypocldorites  were 
good.  Sub-nitrate  of  bismuth  or  perchloride  of  iron  used  in 
the  form  of  an  ointment  (rt  gmins  nf  the  liquor  to  30  grains  of 
lard),  were  excelk-nt  appli<'ations. 

Come  and  Demeaux*  }>owder  soon  disajjpeared  from  the  list 
of  reme<lies,  but  nevertheless  attention  was  attracted  by  it  to 
the  subject  of  antiseptic  applications  to  wounds. 

Among  those  who  spoke  at  the  debates  was  Le  Koevf,  who 
in  IS.OO  had  found  that  substances  insoluble  in  water,  but 
sohible  in  alcobul,  could  hti  made  into  an  emulsion  by  the 
addition  of  :?aponine,  Such  emulsions  were  very  fine  and  very 
stable.  \jQ  Ro'uf  ]iroposcd  that  coal  tar  should  beemnlsionised 
by  the  aid  of  this  tiucture  of  saponine. 

Jules  J^emaire  at  once  took  advantage  of  Le  Ba-ufs  sug- 
geiitiou,  and  in  1860  he  published  a  paj^er  on  '  Coal  tar  6ax>o- 
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Tiiiip/'  The  tincture  of  sapuniue,  to  which  reference  has*  just 
been  made,  i«  an  alcoholic  extract  of  the  bark  of  Qnillaya 
Sitponari{t  and  contains  other  substiinces  besiiien  sajionine.  A 
tincture  of  'coal  tar  saponine'  was  made  by  mixing  together  1 
part  of  coal  t-ar  with  from  2  to  4  parts  of  tincture  of  saponine. 
With  this  an  emulsion  was  made  by  mixing  1  part  of  the 
tincture  with  4  jiarts  of  wiiter.  This  emulsion  retained  all  the 
properties  of  coal  tar,  and  ia  the  substance  which  was  used  by 
I^maire.  Lemaire  investigated  the  activity  of  its  various 
constituents,  and  found  that  it  containefl  mtpooinr.  which 
acts  as  an  antiseptic;  alcohol^  also  an  anti.septie;  catholic  acid^ 
u  powerful  antiseptic,  but  apt  to  eiiuterise  the  tissues;  ben-zinfj 
which  is  an  irritant ;  na^Jdhttline^  which  is  a  sedative,  ;ind, 
in  Ijemaire's  opinion,  *■  modifies  and  tempers  the  action  of  the 
other  substances.' 

Ijemaire   applied    this   emulsion    very   extensively   in    the 
treatment  of  a  variety  of  diseases,  and  also  to  putrid  wounds 
iind  ulcers.     The  results  of  its  use  in  the  latter  cases  weri» — 
L  Hisinfection  of  the  wound;  2.  The   wound  assumes  a  rosy 
aspect ;  3.  The  sloughs  become  detached  with  greater  facility  ' 
than    usual;    4.  It   only  exceptionally  causes  pain,     lemaire 
also   stiites  that  it  acts  powerfully  in  reducing  the  fpiantity  of 
pus  secreted.     This  emulsion  was  applied  in  the  same  manner 
as   other  lotions.     The  wound  was  washed  with  it,  and   then 
dressed  with   charpie  soaked  in  the  emidsion,      I   cannot  find 
any  cnse  iilustmting  its  use  from  the  time  of  operitioti.     There 
ih  no    Hort.   of  system  described,  and  L**maire  seetns  to  have 
used  it  nien'ly  as  a  disinfectant  aixl  as  a  good  ajtplication  to 
wounds.     In  fact  he  treated  the  wound  with  antiseptics,  but 
not  aseplicrdly.      Numerous  letters  from   various  surgeons  are 
published  in  Lenuire's  l»ok  shewing  that,  smell  w;is  destro^'cd 
at  the  time  of  the  a]ipHcution,  but  that  in  some  cases  the  dis- 
charge became  foul  before  a  fresh  applitation  was  made. 

His  vi4'ws  on  the  germ  theory  fjf  putrcfaitiou  are  of  the 
greatest  interest,  a*  he  was  undoubtedly  the  first  who,  recognis- 
ing that  theory,  applieti  if  to  pmcfice.*  He  sitys, 'the  wound 
whi*-h  suppurates,  as  I  h)»pe  to  dfrfnionstrale  presently,  is  a 
secreting  surface,  the  product^s  of  which  l)ecome  altered  under 

*  /?(*  coal  tar  tapomnc,  1860. 
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the  influence  of  air  and  give  birth  to  a  i»erie8  of  phenomena  due 
to  one  and  the  same  cause,  fermentat  ion/     He  believed  that 

pus  at  the  commencement  is  simply  i^erura  of  the  bhx»d  con- 
taining fibrin,  that  fermentation  occurs  in  this  from  contact 
with  the  air  and  that  pu*  corpuscles  correspond  in  their  nature 
to  yeast  cells  and  are  the  result  of  this  fermentjition.  Now  coal 
tar  sapouiue  at  once  arrests  this  fermentation  and  consequently 
(his  formiition  of  pus  cells.  1  have  already  referred  to  Le- 
maire's  ex])criinents  on  putrefaction  and  other  fermentations 
(p.  218),  He  concludes  that  the  two  princi)jal  j»roj>orties  <jf 
eoal  tar  sapouine  are  disinfection  and  <UTest  of  fermentations* 
*  A  third  imi»orhint  proiKTty  which  seems  tome  to  be  the  cause 
of  the  arrest  of  the  fermentations,  is  the  toxic  action  which 
it  exercises  on  vegetables  and  on  the  lower  animals.'  It 
favours  hejilin^  by  disinfecting  the  wounds  and  arrejiting  the 
fennentation  of  pus.  He  concludes  that  the  genu  theory  of 
fermentations  is  true,  and  that  emd  tar  arrests  and  prevents 
fiirnientation  by  its  toxic  efTect  on  the  lower  org-.uiisms  which 
caiujc  them.  He  says  again:  'These  fticts  make  me  think,  that 
it  is  on  account  of  its  toxic  jiroperties  on  vegeUibles  and  on 
the  lower  animals  that  coal  tar  can  prevent  or  arrest  fermen- 
tations. The  opinion  of  Schwann  and  of  several  other  physio- 
logists, a  view  which  in  the  present  day  has  received  great 
HUpport.  from  M.  Pasteur,  appeiirs  to  nie  to  be  true.'  ...  *  Aa 
the  ferments  ap]»ear  to  be  the  infusoria  and  the  microscopic 
vcgirtable  urganisnis  which  exist  in  abundance  in  the  atmo- 
8[»here,  and  as  the  "  cojd  tar  saponine  "  destroys  them,  let  not 
physicians  forget  this  precious  property.  Perhaps  it  tnay 
jtrrntit  iheni  to  m^l'e  important  dlticovtriea,  and  to  rrnxler 
a  great  nwrvicc  to  hwnutnlty^  ' 

While  liomaire  was  using  this  c«d  tar  sa])onine  he  was  Jilso 
experimenting  with  carbolic  acid.  He  fomid  that  carbftlie  acid 
could  foi-m  a  5  i>er  cent,  solution  in  water,  and  could  also  be 
dissolved  in  oil  and  alcohol.  He  found  t(»o  that  it  was  much 
more  powerful  than  coal  tar,  but  that  its  volatility  and  its 
]*owerful  action  on  wounds  were  disadvantages.  On  the  other 
hand,  with  carbolic  acid  h*^.  had  a  solul  ion  of  known  and  constant 
strength,  which  mixed  with  the  di(;charge  and  ^oiiked  into  the 
*  Tho  italiGH  arc  mine. 
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tissued  more  readily  than  the  emulsion  of  cual  tur.  Hi*  i)ub- 
lished  a  work  on  the  Hubject  in  1863,  called  *  De  I'acide  pLeni- 
((ue/  ant!  such  was  the  interest  excited  in  France  by  this  work 
that  in  I860  a  second  edition  appeared. 

The  greater  part  of  his  work  iH  taken  nj)  in  difjousping 
the  jijorm  theory,  which  he  advocates,  but  the  experiments, 
though  numerous  and  laborioas,  are  ho  crude  and  iitjperfect 
that  I  have  not  been  able  to  make  any  use  of  them, 
thniit/h  I  had  much  wished  to  do  so,  if  only  for  their  historical 
interest. 

In  applying  carbolic  acid  to  medicine  and  surgery,  he  seems 
to  have  been  guided  by  wo  priHcii>le  or  rule,  but  simply  to  have 
apjjlied  it  empirically.  Thus  the  following  is  a  list  of  some  of  the 
diseases  in  which  he  used  it :  acne,  anthrax,  asthma,  cholera, 
dysentery,  ecthyma,  eczeuka,  erysi]>elai?,  int(Tntitt('iit  fever, 
tyy>hoid  fever,  herpes,  impetigo,  Uchen,  purulent  oiththalmia, 
pityriasis,  ]>htlasis,  pmrigo,  sycosis,  cancerous  ulcers,  twnia, 
8m;ill])*"X,  ^v.  In  cases  where  it  did  goiKl  it  was  sujjposed  to  have 
kille*!  genus.  He  used  it  also  in  ulcers  in  the  same  way  as 
the  emulsion  of  coal  tur,  and  where  tortuous  canals  existed, 
the  lotion  of  the  strength  of  *2  to  1  p.  c.  was  injected.  He  says 
very  little  about  recent  wounds;  indeed  the  following  is  about 
the  only  passjige  I  can  tind.  '  Pour  mettre  les  solutions  de 
continuite  des  tissus  a  I'abri  de  la  fermentation  il  sufRt  de 
les  couvrir  d6s  le  debut  avec  des  compresses,  eonstamment 
imbibeesdVau  pheniquee.  Deux  railHAmes  de  Tacide  phenique 
sutiisait  dans  ce  liquide  ]Mnn*  obtenir  cc  resultat.'  Hnw  very 
iuqjerfect  such  a  method  would  be,  exj>eriencf  ami  exiMTiment 
have  since  lunjily  shown.  He  only  mentions  having  treated  one 
cjise  of  comiiniiiid  fmcture,  a  fracture  of  the  fingers,  in  which  he 
used  the  emulsion  of  coal  tnr. 

Here  there  is  nothing  which  can  be  called  :t  nifthod, 
Lemaire  realized  what  the  causes  of  [lutrefaetion  were,  but  he 
made  no  attempt  U.t  exclude  them,  nor  indeed  did  he  make 
any  systematic  attempts  to  eradicate  tlu'm  after  they  had 
entered. 

In  1865  I)l5c"LAT  publisheil  a  work  on  carlxilic  acid  in  which 
he  claimed  priority  over  l>emaire.  This  work  contains  no 
observations  of  any  vidue,  and  his  claim  of  priority  is  absolutely 
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without  foundation,  for  liemaire  began  his  work  before  Declaf, 
ftnd  Declat  was  well  acquainted  with  I^mairc's  work  befi>re 
publishing. 

We  must  in  a  few  words  enquire  what  18  Lemaire's  exact 
})ositioD  in  reference  to  antisejjtic  surgery  ?  how  much  does 
the  present  ailvnnce  of  antiseptic  surger}'  owe  to  him  ?  It  is 
a  question  which  f^tr  a  time  has  been  much  debated  and 
variously  answered. 

In  the  firiit  place  we  find,  as  I  liave  alreaiiy  stated,  that 
Ix.'maire  rocognistul  the.  true  biitiis  of  antiseptic  surgery,  the 
germ  theory  of  fermentation,  and  also  that  he  was  the  first  to 
use  carbnh'c  aeid  extcusivoly  in  th*^  treatment  of  wounds.  But 
we  do  not  Hnd  any  method  of  how  be^t  to  add  the  antiseptics 
to  the  discharge  or  how  best  to  exclude  organisms  altogether. 
All  that  We  find  is  that  certain  results— ubsi_*nce  of  smell — were 
att^iined,  and  the  expUinatlon  was  that  the  carbolic  acid  had 
de^stroyed  the  causes  of  fermentfition.  Then,  also,  look  at  th« 
aimless  way  in  which  he  jippli*^il  carbolie  acid  to  all  sorts  of 
diseases.  There  was  no  detiuite  [jlan,  no  clear  puTj)08e,  in 
these  attempts. 

On  the  other  hand,  we  must  remember  Lemaire'8opi>orl uni- 
ties. He  had  ni>  hospital  appointment  as  surgeon;  no  oppor- 
tunity, therefore,  for  seeing  a  sufficient  auiouut  of  suririca] 
]traetice  to  realise  the  necessity  for  Hysteraatic  action.  Would 
he  have  elalx)ratx.ii  any  aseptic,  or  eveu  thorough  antiseptic 
method  hiid  such  oppaitunities  been  given  him  ?  I  cannot  say, 
but  I  doubt  it,  fnr  his  exprriiuents  shew  tlie  Ninje  want  of 
]»uqH>se  and  im2»crfectiou  in  inference,  while  his  views  on  pus 
cells^  and  many  other  points,  show  an  imprrfect  :ip[)reciatiou  of 
the  elementary  facts  <tf  physiology  and  p:ithr>ln^y- 

I  am  nut,  howevt^r,  concerned  with  what  he  'tuif/ht.  have  been^ 
but  with  what  he  ican  ;  for  indeed,  as  Carlyle  well  remarks,  *  it 
comes  tlint  these  same  wouhL-havt-hfenis  nre  mostly  a  vanity. 
and  the  world's  history  could  never  in  the  least  be  what  it 
would,  or  might,  or  slmuld,  by  any  manner  of  p<ttentiality,  but 
simply  and  altogether  wliat  it  iaJ  I>emaire  wrf^  the  first  to  use 
carbolic  acid,  and  wan  the  tirst  to  realise  the  trutli  of  the  germ 
I  henry  as  applied  to  wounds.  He  ivaa  an  advanced  ireiiittv  of 
wattnda  lolUi  anlisejAlce^  nothing  7iw7*e, 
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The  use  of  carbolic  at-id  in  the  treatment  of  wounds  was 
for  atimc  time  triwl  extensively  on  tlie  eontinent,  iiud  in  Kng- 
land  it  waa  also  employed  by  one  or  two  surgeons  (Wood, 
Spence) ;  bat^  applieil  in  th«*  way  recommended  by  F^emaire, 
it  failed  to  give  Batii>factory  results  and  s^otm  beg^an  to  drop  ont 
of  iise.  Indeed,  as  early  as  1867,  Dr.  Hingston,  who  had  been 
travelling  on  the  continent,  ntuted,  at  tlif  Dublin  Mi-cting  of 
the  British  ^[edical  AssixMation,  that*  he  ha<i  ft)iind  that  the 
use  of  carbolic  acid  in  surgery  wa8  now  being  discontinued  in 
places  where  it  waa  formerly  in  vogue.' 


The  result  of  these  centuries  of  work  on  the  subject  of 
wound  treatment  may  be  summed  uji  as  foUown.  The  old 
\newH,that  wounds  could  not  heal  without  at-tive  intervt^ntion  on 
the  2>art  of  the  surgeon,  had  been  thrown  aside,  and,  after  many 
oscillations  of  surgical  opinion,  it  had  at  last  become  generally 
recognised  that  nature  was  the  sole  agent  in  the  ix»i>aratiou  of 
woimds ;  it  bad,  however,  become  apparent  to  most  men  that 
the  decami>osition  of  the  discharges  iu  wounds  was  a  source  of 
danger  to  thy  patient  so  great  as  to  demand  active  interference 
for  the  purpose  of  preventing  it  as  far  as  possible.  Tlie  various 
attemi)ts  which  were  made  with  this  aim  are  most  interesting 
and  itnjiortant,  although  they  were  all  more  or  less  ineffectual. 
On  the  supposition  that  the  gases  of  the  air  were  the  active 
agents,  numerous  methods  (oc<']iision,cnist  formation,  substitu- 
tion of  other  gases,  &c.)  had  been  devised  for  the  purpose  of 
excluding  the  air,  but  these  had  all  failed  in  prtwlucing  any 
permanent  benefit ;  it  was  rendered  clear  from  these  researches 
that  the  gases  of  the  air  were  not  the  injurious  element-s. 
Subcutaneous  surgery,  though  based  on  this  erroneous  view, 
had  become  finnlyestabliflhf'fl,  and  it  was  universally  recognised 
that,  if  an  operation  could  be  done  subcutaneously,  it  was  to  a 
great  extent  free  from  danger;  unfortunately,  the  applicjibility 
of  this  method  was  very  limited.  Then,  at  first  with  the  view 
of  regulating  the  temi>erature  of  the  wound,  various  forms  of 
irrigation  and  water-baths  were  iiitroducetl.  Some  of  the 
surgeons,  however,  wlm  cmitloyed  them  observed  that  deeom- 
]>0Kitiou  was  less,  and  that  this  waa  due  in  great  measure  to  the 
washing  away  of  the  discharges.     Drainage  had  also  to  a  certain 
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extent,  thou^li  iinperffutly,  heen  iutrodneedJ  On  the  ofhffF 
hand,  it  hail  been  ftiund  that,  by  the  addition  of  varioiUB 
substances,  hence  termed  *  antiseptics,*  to  the  discharges  of 
wounds,  dfo>nijiositi<m  coulrl  b)^  markedlv  iutprferfd  with,  and, 
at  the  time  to  which  we  refer,  in  Kraiiee  more  esijeeiallj  this 
idea  was  the  most  i>ron«nent  in  the  treatment,  of  wounds.  One 
surgeon,  indeed,  Lemaire,  hiul  iinnriiineed  the  \new  that  anti- 
septics acted  by  destroying  *  the  vegetabU's  aiul  lower  animals' 
found  in  these  discharges,  and  which  ap^ieared  from  recent  xf^ 
searches  to  be  the  at-tive  acfenls  in  producing  decomposition. 
Lemaire,  however,  failed  to  follow  out  his  views,  imd  thus  missed 
the  discovery  which  was  very  Hhortly  afterwards  announced  by 
Mr.  Tiister. 

Such  was  the  state  of  matters  when  Mr.  Lister,  who  had 
been  working  for  more  than  two  years  independently  of  any 
knowledge  of  Iveniaire\s  exj>eriments,  published  bin  tirst  }»ai>ers 
on  aseptic  surgery,  which  at  once  threw  a  flood  of  light  on  the 
confused  subject  of  the  treatment  of  wounds.  The  develo|>- 
ment  of  his  system  in  his  own  hands  has  already  been  traced, 
Mr.  Lister's  writings  have  stimulated  surgeons  to  the  study  of 
the  whole  subject,  and  have  led  to  the  introduction  of  improve- 
ments in  every  detail  of  wound  treatnieut.  These  improve- 
ments, acting  on  better  priuc-ijiles,  have  brought  even  the  older 
metho<ls  to  a  high  state  of  perfection,  and  numerous  researches 
have  since  lieen  made  whieh  have  enaliled  us  to  reduce  to  order 
and  show  the  true  principles  uuderiyiug  the  various  attempts  at 
wound  treatment  whieh  had  been  prenously  carried  out. 

Tt  wouhl  be  hopeless  to  ntlenipl,  to  fitllow  out  all  tliat  has 
been  snid  and  written  on  this  aidyect  since  that  time,  and  it 
w*:»uld  not  only  be  hoi»elos9  but  also  profitless,  for  the  great-er 
part,  of  the  statements  rest  on  imjterfect  understanding  or  know- 
ledge of  JL-.  Lister's  writings,  and  imi>crf(»ct  acquaintance  with 
the  scientific  advances  of  the  i)resent  day.  In  Gennany,  where 
science  is  more  advanced  than  in  other  countries  at  the 
present  time,  this  method  has  been  almost  universally  accepted 
and  introduced,  and  s<Mne  of  the  leading  German  surgeoni 
amongst  the  most  enthusiastic  supporters  of  it.     In   our 
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country  on  the  other  liand,  the  necessity  for  a  protection  against 
infective  disease  has  not  been  so  much  felt,  on  account  of  lh« 
much  better  hygienic  conditioni?  of  our  hosjn'tals ;  while, 
owing  to  otir  so  called  practical  nature,  the  scientiiic  problems 
invfjlveii  have  been  allowed  to  fall  out  of  notice  and  have 
been  imperfectly  appreciat,ed  when  noticed.  Perhaps  the 
greatest,  obstacle  to  the  acceptance  of  the  princii)le^  of  antiseptic 
surgery  is  the  confusion  which  has  souiehow  or  other  arisen 
between  the  germ  theory  of  fermentation  and  that  of  infective 
disease.  Indeed  at  the  present  time  nine  surgeons  out  of  ten, 
if  questioned,  would  give  the  germ  theory  of  infective  disease 
as  the  foundation  of  the  i)rinciples  of  antiseptic  surgery, 
while,  as  we  have  seen,  it  in  reality  has  no  necessjiry  con- 
nection with  these  principles  at  all.  The  common  argument 
brought  against  the  aseptic  theory  is,  '  How  is  it  that  after 
such  an  oi)eration  as  removal  of  a  linger,  or  excision  of  the 
inanuuii,  not  performed  aseptiwdly,  the  jKitient  does  not  us  often 
die  of  infective  disease  as  after  amputation  of  the  thigh  ? ' 
Now  such  a  question  shows  the  confusion  l»etwccn  ttie  two  germ 
theories.  The  real  question  to  put  is  *  How  is  it  that  putrefac- 
tion does  not  occiu*  in  all  wounds  not  treated  with  aseptic  pre- 
cautions?* This  I  have  alreatly  explained  in  considering  the 
principles  of  antiseptic  surgery,  but  I  have  nothing  to  do,  in 
looking  at  these  principles,  with  the  former  question.  In  con- 
sidertug  tlie  results,  I  shall  demonstrate  that  the  exclusirm  of 
hicteria  from  wounds  is  followed  by  the  avoidance  of  infective 
disease,  but  I  do  not  care  Whether  any  one  believes  that  l>acteria 
are  or  are  not  the  cause  of  the  iriftx'tive  diseasi».  All  I  would 
ask  is  that  bacteria  be  escluded,  because  they  cause  ferriHuta- 
tions  ;  and  if  this  be  done,  as  I  shall  presently  show,  the  cauRCs 
of  infective  disease  will  alpo  be  excluded.  If  one  prefers  to 
go  out  of  one's  way  to  suppose  that  uot  the  bacteria,  but  some- 
thing else,  exckuled  at  the  same  time,  are  the  causes  of  infec- 
tive disease,  well  and  good  ;  it  does  not  matter  ^oTWiejyrindflm 
of  antiseptic  surgery. 

There  are,  however,  one  or  two  phases  in  the  history  of  this^ 
subject  to  which  I  must  briefly  allude. 

Firstly,  attempts  have  been  uuld(^  t(»  show  that  Mr.  Lister 
has  no  claim  jis  introducer  of  aseptic  surgery.     Such  statements 
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rest  on  rniwipprefiation  of  tho  meaning  (»f  that  term.  Most  of 
these  writers  linik  ou  aseptic  surgery,  and  the  treatment  of 
wounds  by  <-urlHtiie  acid  as  one  and  the  same  tiling,  and  then 
they  point  out  that  Tiemaire  and  others  nsetl  carbolic  acid 
l>efore  Lister. 

The  first  attempt  of  tins  kind  was  made  by  Sir  Jamks 
Simpson,  in  the  *  I^meet '  for  lH(i7.  He  says:  *Mr.  Lister  in 
liis  lelter  to  the  *  l>a!icet,'  October  5^  states  that  all  his  recent 
visitors  to  the  Glasg(>w  Koyul  lufinuary  had  viewed  Ins  treat- 
ment of  wounds,  abscesses,  compound  fract ures,  &c.,  and  "not 
one,"  lie  adds,  "  bad  ever  expressed  the  slightest  doubt  that  the 
system  iu  ijuestiou  was  eniirely  'neio  ...!**  While  1  regret 
the  strange  and  almost  iuconn)rehensible  want  oF  knowIe<Jge 
with  which  Mr.  IJsler  charges  hi.s  professional  visitor^,  I  am 
fortunately  not  answenible  for  it,  and  if  Mr.  l-iater  had  taken 
the  slightest  trouble  to  search  English  medical  literature  alone, 
he  would  have  easily  eonviuced  Linitielf  of  his  own  gnive  errtir 
in  tliis  resiJect.'  He  then  proceeds  to  point  out  that  carbolic 
acid  had  been  extensively  used  in  surgical  treatment  before  Mr. 
IJster  published,  and  that  Leuiaire  and  Declat  had  also  under- 
stood the  prinuiplea  on  which  it  acted.  Had  Sir  James  Simpson 
iHidi'vlirifd  the  word  system^  and  not  the  words  entirely  tiettf, 
atul  had  hi'  t'onTiniit'd  the  quotation  which  runs  as  follows. 
Hill*  Tiovi'lty,  I  may  remark,  being  not  the  surgical  use  of 
carbolic  acici  (whicli  I  have  never  claimed),  but  the  method^! 
of  its  emiiloymeut  with  the  view  of  protecting  the  repanitorv 
processes  from  disturbance  by  external  agency,*  he  uould  hanlly 
have  fallen  into  such  a  gross  blunder.  1  need  not  waste  time 
in  refuting  Sir  James  Simpson's  accusations. 

Severn!  aiuoihu-  mistakes  have  been  conunitted  by  other 
writers ;  but  the  onU'  other  oiu-  which  T  need  mention,  as  it  is 
also  the  most  virulent  attack  of  all,  is  that  by  UtNAZ  Neudorker 
in  1877.*  His  work  is  a  very  strange  one  indeeil.  He  rejects 
the  germ  theory  of  putrefactiou  and  supjK»seH  that  the  bixHea 
which  fall  into  wounds  and  cause  fermentation  are  not  baet<?ria, 
but  ferments  coming  from  previously  fermenting  substances. 
Strange  to  say,  though  liolding  this  view,  he  rejects  also  the 
Listerian  lui'thod,  which  one  would  think  would  be  as  uatunil  a 
'  IHe' chirunji*rhe  JtehantlfuMQ  (U'f  Wundtm,  187". 
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w'queuce  of  Bueh  a  view  as  of  the  g«'nu  tlieiuy.  lie  also 
attempts  to  hIiow  that  IjCinaire  had  antieijiateJ  Lister  in  all 
[)artieuhirs,  but  Ins  statements  rest  on  the  same  fjtlhteioiis 
foundation  as  Sir  Jaiiien  Simpson's,  He  fiilln  into  the  common 
error  of  supijosing  that  Mr.  Lister  teaehes  tliat  catgut  becomes 
revivified,  instead  of,  as  Mr.  Ijister  has  shown,  being  eateu 
away  and  disajipearing  under  the  action  of  the  neighb«.mring 
living  tiKKues;  and  he  in  very  severe  on  this  aubjeet.  In- 
deed here  his  bitterness  agjiinst  Lister  and  liis  teaching  crops 
lip  in  an  unwarrantable  and  most  offensive  way;  and  I  will 
tjuote  his  statement  liere  as  an  example  of  Neudorffr*s  writings. 
He  says :  *  Es  ist  aueh  hier,  wie  bei  der  WumlhehjiTuihmg,  nur 
die  Darstelhmg  Lister's  welche  ganz  einfache  uud  klar  zu  Tage 
iiegpude  W-rhitltuisse  in  eia  mysterioses  Duukel  hiilli,  so  wie 
das  Best  re  ben  Lister's  an  die  Stelle  der  wisaenschaft  lichen 
Knirterung  iuspirirLe  Dogmen  als  Orakel  hinzusetzeu,  welches 
die  P'achgenossen  blendeu  soil,  die  seinen  sonstigen  Ver- 
diensten  nicht  wenjg  Abbruch  thut.' 

Mr.  Lister's  merit  in  this  respect  is  well  stated  by  Bardeleben 
in  luH  lectures  *  Leber  die  Theorie  der  Wunden.'  *  He  says  : 
'  Lange  Bchon  wusste  man  dass  ein  Magnet  Eisen  anzieht,  lange 
geniig  aueh,  dass  ein  Kisenstab  magnetiseh  wird,  wenn  durch 
eiuen  denselben  umkreisenden,  aber  nicht  beriihreudeu  Draht 
ein  galvanischcr  Strom  geleitet  wird,  aber  die  Anziehung  des 
Eiiiens  durch  den  vennittelst  des  galvanischen  8troines  magnet- 
iseh genuu'.hteii  Kisenstab  fiir  die  Tek-gmplHe  /u  beuutzen  war 
doch  eine  Eutdeekung/ — '  So  steht  es  aueh  mit  dem  segensrei- 
chen  Fortschritte  welchen  wir  Lister  zu  danken  haben.  Joseph 
Lister  Imt  weder  die  Bakterirn  entdeckt,  ntjch  <lie  Karlxtlsiiure  ; 
aber  er  hat  mit  eisemer  Konsequenz  die  Thatsache  dass 
Fiiulniss  nicht  enteteht  ohne  Einwirkung  von  Bakterien,  oder 
wie,  er  um  lx*tanischen  Spitzfindigkeiten  zu  entgehen,  lieber 
sagt,  von  Keimen  (und  dass  solche  Keime  in  der  Luft  schweben) 
er  hat  diese  Thatsache  angewandt  anf  deu  lebendeu  und 
namentlich  auf  den  verwinideten  mensehlieheu  Koi-jjen  Und 
das  Ergebniss  dieser  Anwendung  war  aueh  eine  Entdeckung, 
eine  Kntdi'ckung  wohl  werth  den  grtissten  Forttwihritten  der 
iirztiicheii  Kunst  aiigeiviht  zu  werden.' 

'  The  |i:i«its:i^rL'  w\'uld  Ioko  by  translation. 
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Anothor  j'hasp  in  the  history  of  this  subject  to  which  we 
muflt,  allude  is  the  iiitroclucrtjon  of  various  moditiciitiotiR. 

T  have  already  desmlx*(l  the  modifications  and  irapmve- 
ments  iotrodutrd  by  Mr.  Lister.  I  have  also  mentioned  the 
newer  methods  of  dra'mayey  more  especially  the  use  of  ab- 
Rorhable  drains  iutrodured  by  Mr.  Chiene,  and  cjinied  out  by 
him  b}'  means  of  catgut,  and  by  Nenber  by  decalcified  bone 
tubes. 

Neuber  has  made  several  attempts  to  obtain  a  dresiiuag 
which  may  be  left  on  for  a  long  time.  The  advantage  of  such 
a  dressing  is,  of  course,  evident,  more  enrjiecially  in  the  c-ase  of 
compound  fractiu-es,  &c.,  and  in  country  practice.  He  uses 
bone  tubes  as  di-ains,  and  catgut  for  stitches.  The  drains 
in  three  or  four  days  become  soft,  and  in  about  ten  days  have 
generally  entirely  disa])|>eared.  Large  quantities  of  ^anze 
(Kriillgaze)  are  ai)]>lied  next  the  wound  and  fastened  with  a 
gauze  biiudage.  Outside  this  comes  a  mfiss  of  salicylic  wool 
soaked  in  the  lotion,  also  fastened  with  a  gauze  bandage,  and 
then  outside  this  the  regular  wirbolised  giiuze  dressing.  The 
first  dressing  is  left  on  in  the  case  of  large  wounds  for  about 
two  days.  Then  the  gauze  and  the  salicylic  wool  are  removed, 
the  deeper  gauze  dressing  soaked  with  the  lotion,  and  a  fresh 
dressing  ai>p]ied.  This  may  be  left  on  for  ten  days  or  a  fort- 
night, provided  no  discharge  appears  at  the  edge.  This  is  one 
of  many  ways  in  which  a  similar  result  may  be  obtained.  Of 
late  Neul>er  has  treated  several  cases  with  one  dressing  alone. 

With  the  view  of  chea[)ening  the  materials,  various  incMh'fi- 
cations  have  been  introduced  :  thus  Bri'X's  gauze,  mentioned 
liefore,  ami  alsfj  a  gauze  intrndueed  by  Miinnich  are  outcomes 
of  these  attempts.  MiJXNiCH  uses  glycerine  and  spirit  instead 
of  jianiffin.  He  also  in  some  cases  adds  stearin.  He  uses  jute 
instead  of  gauze.  This  carbolised  jute  is  much  cheaper  than 
carhoh'sed  gauze,  and  has  been  extensively  introduced.  Bar- 
del  ebeu  has  used  with  great  success  jute  soaked  with  carbolic 
lotion  and  kept  moist  by  frequent  addition  of  lotion.  This  is 
covered  with  impermeable  tissue. 

Moflifications  of  the  niethnd  have  been  made  with  the  view 
of  applying  it  in  Wit}\  ami  T  hnvf  deneriljed  previously  the  sug- 
gestions of  Mr.  LisTKR  and  Professor  Esmarch.    A  j*aper  will  also 
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be  found  on  this  subject  hy  Dr.  Burchakdt  in  Xhc  *  DfUtsclR* 
inilitairarztliche  Zfitschrift/ 

Various  other  antiseptics  have  been  introduced  as  ttufwH- 
IuUh  for  ctirholic  ac'uL  Among  the^e  I  ui;iy  mention  tht*  use 
o{  tfaiicyllc  acidhy  TwWA^^cw.  This  1  have  already  described. 
Thyfiwl  was  introduced  in  1878  bj  Dr.  Ranke  of  Halle,  and 
he  speaks  very  highly  of  its  usefulness.  It  has,  however,  been 
tried  by  seveml  surgeons,  among  others  by  Mr.  Lister,  nnd 
has  not  been  found  to  be  a  trustworthy  antiseptic.  Quite 
recently  H.  Fischkh  and  Professor  Maas  have  advocated  the 
use  of  acetate  of  alumina,  Maas  uses  a  2*5  p.  c.  spray,  and 
after  applying  protective  to  the  wound,  he  covers  it  with  com- 
presses soaked  in  this  solution,  and  covered  with  an  imper- 
meable tisane.  He  says  that  the  cases  follow  an  aseptic 
courue,  and  that.,  as  the  antiseptic  causes  no  irritjition,  the  dis- 
charge is  very  slight  and  the  dressings  only  require  to  be 
changed  at  rare  intervals. 

Then  of  late  objections  have  been  made  to  the  necessity 
for  the  spray  in  aseptic  work,  and  TRENDKLENHtTRCr  *  has  recently 
published  a  paper  giving  the  results  of  some  operations  per- 
formed without  the  spray.  Indeed  for  four  years  he  has  [)er- 
fornied  all  operations  strictly  aseptically,  but  in  none  has  he 
used  a  spray.  The  mode  in  which  this  has  l)een  carried  out  is 
that  indicated  before.  During  and  after  the  operation  the 
wound  is  wa^beJ  out  with  carbulic  lotion  and.  while  the  wound 
contains  thin  lotion,  it  is  closed.  During  the  changing  of  the 
dressing  Trendelenburg  adopts  Mr.  Lister's  former  methtxl  of 
allowing  fluid  to  flow  more  or  less  constantly  over  the  wound, 
and  more  especially  over  the  orifice  of  the  drainage  tube,  1 
shall  discuss  this  question  at  a  later  fjeriod. 

Stirne  years  ago  Mr,  rAU.KNDEH  publi-slu'd  results  obtained 
by  a  slight  mi3ditication  of  Mr.  Listers  nietliod,  or  rather  by  the 
use  of  Mr.  Lister's  carbolic  oil  dressings.  1  shall  also  allude  to 
tliepe  later. 

With  regard  to  these  attempts,  we  have  already  seen  that 

the  spray  is  the  least  essential  detail  of  the  system  ;  and  I  have 

described  how  itn  use  may  be  done  away  with  with  safety.     And 

this  lirings  me  to  the  last  point  in  connection  with  the  history  of 

'  Arnk'tr  far  Klinitche  Chirurgie. 
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thifl  subject,  vi/,.:  that  the  method  has  l>een  objected  to  on 
varknu  grouiuis,  but  cliiefly  because  those  who  have  failed  in 
their  attempts  have  looked  on  the  spray  as  the  essential  element, 
and  on  ase|>tic  Kurgery  as  the  performance  of  operation**  or 
dressings  in  a  spray  of  carbolic  acid.  There  cannot  be  a  more 
fetal  error  than  this,  for  the  spray  is  in  the  great  majority  of 
east's  merely  a  convenience,  and  not  a  necessity,  and  those  who 
look  on  it  as  a  necessity  are  ai>t  to  forget  the  really  essential 
deUiils,  and  to  t.rust  too  much  to  the  spray.  I  say  it  is  not 
e.ssential,  for  if  the  wound  be  easily  accessible,  and  be  thoroug-hly 
war^hcd  out  daring  and  after  the  operation,  the  great  probability 
IS  that  an  aseptic  result  will  be  obtained.  Only  it  must  be 
remembered  that  if  the  spray  in  not  used,  this  washing  oat 
must  not  be  neglected.  But  to  deluge  the  wound  with  carbolic 
lotion  is  au  undesirable  thing;  and  it  is  for  this  reason,  and  also 
because  tlie  feeling  ^if  certainty  as  to  the  result  must  be  greater 
when  tlie  s[»ray  is  used  than  when  it  is  not,  tliat  I  would  advo* 
cate  its  continuance. 

Other  surgeony  look  on  the  gauze  as  an  essential  element, 
and  that  this  is  equally  an  error  is  evident  from  a  consideration 
of  Mr.  Tiister^s  earlier  methods,  and  also  from  the  results  at 
present  obt^iined  by  the  use  of  other  materials.  One  surgeon 
has  indcfd  gone  so  far  as  to  use  the  term  '  sjimy  and  gnuae 
method  '  as  synonymous  with  Listerian  or  aseptic  surgery ;  in 
other  words,  to  define  aseptic  surgeiy  by  two  of  its  least  or  even 
non-essential  elenieuts.  Aseptic  surgery  is  not  treatment  by 
spray,  nor  by  gauze,  nor  by  sj^ray  and  gauze,  nor  by  carbolic 
acid,  but  is  any  method  of  treatment  which  aims  at  and 
succeeds  in  excluding  the  ciiuses  of  fermentations  from 
wounds r 
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Chief  poinls  for  considemtioh.  How  far  do  the  various  melhorU  prevent 
fcrmcntatifjns  in  wouiicb  ?  How  U> ascertain  the  true  vHliiouf  any  individaal 
mclhorl.  The  value  uf  tho  various  methods  in  piarding  against  infective 
disease:  meaning  of  the  term  'infective  ditieaAe.'  Rclftticinx  of  H«e]:>tic 
surgery  to  infective  disease.  J/r.  LiMcr'i  multt  in  Glittgvtv.  The  recrnt 
Gla*0on'  ttatiitivx.  Mr.  Listrr**  rrgitlts  in  Kilinh-Hr^jh  ;  rrMuifa  in  teptitr  and 
a*tp1ir  rtijui'* — J/r.  Sjfrneri  jtracHm — Afr.  Sj/mr's  rrshJU— Mr,  U*ttT*»  nt- 
9»lfi  ftf  King'*  4\dUga  /Itttjrital  .*—  Vttlkmunn  —  A'ttjrjfe/iww— .S-^rJn — f^,cU*rph 

—  K»mareh  —  Ifuetrr —  Ctmiy  —  JjHcmt-CJiamjnonhih^r  —  (rnnu—  JMiSrattt 

—  PtiHo*—  Sohfd^ — Jit'yher — Spvnccr  H  'elU  —  Keith  —  Thorn  ton ,  TMat'nch'g 
rt'suUs  irith  mlit'tflic  ncui.  Thymol.  The  relations  of  other  forma  of 
Antiseptic  Surgery  to  these  dineascs — Tteafment  hy  Antiiept'tCf—Iieyhpr^ 
JAtter — NHntnr^—IiutckinMN.  Oeclution — •/«//■«  Gtt4riH—Alph<*ttt<'  Gucrin. 
Troatmmt  hy  irriyati»n  and  rrtitrr  both  —  Lattyertbrrk —  I  aJrttr.  Open 
Method — liartsfhrr  anti  I  ran — Jiurnw — Kronlrin.  Kesnits  where  no 
antiseptic  me^isiire-t  wore  w^lopted — BiHroth — Malyaigue — Paul~Holmc9 
—EricJueu.    Besults  of  clcuilitiDss — Savery — Me  VaU—^ardftiheuxr. 

In  lcK)king  at  the  results  of  the  various  methods  of  treutment, 
the  following  are  the  chief  jMnntH  which  prcHent  themselvcH  for* 
consideitition. 

1.  Results  of  the  vjirious  methotia  as  to  siiving  life 
(a)  hy  preventing  infective  disease. 

(6)  by  preventing  profuse  suppumtionK  und  consequent 
exhaustion. 

(c)  in  other  ways  ><ueh  as  by  rendering  openitions  nn  weak 
or  diseased  individutiis  pon;*ible,  or  by  enabling  the 
surgeon  to  undertake  with  safety  by  one  method  opera- 
tionswhieh  by  other  methixlH  woidd  be  unjiiMiruible, 

2.  Kesults  according  as  one  or  other  method  enables  the 
fiurgeou  to  render  the  patient  u  more  useful  menuber  of  bociety- 
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Here  I  shaK  luivc  chiefly  to  consider  the  bearing  of  iho  various 
methods  on  conservative  surgery. 

3.  Method  of  liealing  in  various  awes,  and  also  the  beha\iour 
of  sloughs,  ligdtureii,  blotxl  clots,  &c. 

4.  Tlie  bearing  of  the  various  methods  on  constitutional 
disturbance  after  operations  or  wounds. 

5.  Discussion  of  the  objections  ag:unst  the  variouH  methods, 
and  other  points. 

I^rfore  entering  on  these  qnestionn,  I  must  say  a  few  wonis 
iiA  to  how  far  these  methods  answer  the  piu^MJse  of  preventing 
fermentations  in  wnumls. 

The  ai*e]>tic  methotl,  when  properly  ciirrifd  out,  does  this 
coni]jk'tely.  There  is  no  iiutrefaeti(m,and  no  other  kind  offer- 
mentation;  ami,  as  I  have  shown,  organisms  can  be  entirely  ex- 
ciutled  if  it  be  wished.  No  doubt  in  ordinary  practice  one  form 
of  organism  does  sometimes  get  in,  but  this  is  only  generally 
towards  the  entl  of  the  case,  and  it  does  not  cause  putrefac- 
tion, while  the  products  of  its  growth  seem  to  be  but  little 
irriiuting. 

Treatment  by  antiseptics  does  not  prevent  fermentations  or 
the  entrance  of  organisms,  unless,  indeed,  it  is  so  thorough  as  to 
render  the  wound  aseptic.  The  specimens  of  bacteria  wliich 
are  figured  on  Plate  I.  were  taken  from  wounds  treated  with 
antisepticH.  Although,  however,  fermentations  are  not  alto- 
gether ]>revente(l,  yet  fr*iin  the  frequent  removal  of  the  organ- 
isms and  their  destruflion  by  the  antiseptics  employed,  fer- 
mentation does  not,  as  a  rule,  occur  tf>  any  great  extent. 

The  open  niethtxl  hinders  the  putrefactive  fermentation, 
more  especially  because  the  discharge  fli»ws  rapidly  away  and 
also  because  it  l)ecomes  too  concent  rat  efl  and  tfjo  freely  ad- 
mixed with  oxygen.  Nevertheles?,  whenever  the  discharges 
are  retained,  they  undergo  fermentation,  showing  that  the 
causes  of  fermentation  are  constantly  present. 

Treatmi-nt  by  irrig;jtion  or  by  water  Irath  is  more  effectual 
than  the  open  method,  becimse  the  discharge  is  removed  still 
more  rapidly  and  thoroughly  ;  hut,  nevertheless,  unless  a 
sufficiently  strong  antise]itic  solution  be  cmjiloyed,  the  causes 
of  fermentation  are  alway;?  ])vesent  in  the  wound,  and  may  act 
if  they  have  opportimity. 
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The  variijus  methods  of  oct'lusmu  are  the  raont  impprfect  of 
all,  and  I  have  aln^ady  referred  to  the  stench  and  the  Ktute 
of  th**  ]»iiti  in  wouncia  treated  by  Alphonse  Guerin's  cotton-wool 
method. 


In  determining  whether  uny  instrument  or  any  method  is 
snfe  and  rtuititbh.'  for  use  in  the  ordinjiiy  cireunistaneeH  in  which 
it  will  be  employed,  one  does  not  nimply  content,  oneself  with 
using  it  under  nueh  cireiinitilanees,  but  viU'ious  testn  are  applied 
to  it,  i.c.  it  is  snhjecled  to  1  rials  greater  than  those  whieb  it 
will  have  to  undergo  in  every-day  work.  A  gunmaker  is  not 
satisfied  with  a  gun  if  it  does  not  burst  with  an  ordinary 
charge  ;  he  overcharges  it,  and  if  it  withstands  this  test,  he  very 
properly  concludes  that  it  will  be  efficient  and  safe  as  ordinftrily 
used.  A  boilcrmaker  does  not  send  out  a  boiler  as  tmstworthy 
till  he  has  suliJL't-teil  it.  to  pressure  such  as  it  may  never  have 
to  bear  afterwai-ds,  bat  which  it  might,  under  rare  circumstances, 
have  to  endure. 

In  conHJilering  the  value  of  the  various  methods  of  wound 
treatment  as  protectoi-s  against  death,  we  must  in  like  manner 
consider  how  they  behave  in  the  very  worst  cireuinstaneeg,  in 
circumstances  in  which  they  may  never  or  only  very  rarely  have 
to  be  employed  ;  for  a  method  which  is  effectual  under  unfavour- 
able circumstances  ought  to  he  employed  in  all,  unless  there  is 
some  special  ami  valid  objection  to  its  use.  The  tests,  there- 
fore, which  I  shall  apply  to  these  metliods  (so  far  as  I  can 
find  the  requinite  material)  with  the  view  of  det*'nniniiig  how 
far  one  or  other  may  be  depeiuUd  on  as  a  guanl  against  the 
more  serious  dangers  of  operations,  are  their  behaviour  in 
unfuvourable  hygienic  conditions,  or  indeed,  in  infected  atnio- 
si)heres,  and  to  what  extent  they  protect  jiatients  after  openi- 
tions  which  are  peculiarly  liable  to  be  followed  by  serious  con- 
sequences. 

Firstly,  then,  with  regard  to  Infective  Dieeittie*  Under  this 
heading  I  include  Pyrpmia,  Septictemia,  Erysipelas  and  Hospitiil 
Oanjrrene.  rioscly  allit'tl  lothi^se  is  Septic  Intoxicatioiij  which 
I  would  call,  after  Matthews  Duncan,  Sapra^mia,  For  though 
this  is  merely  the  result  of  a  chemical  poison,  it,  is  u  disease 
which    is  dependent   for   its   occurrence    on   fermentation   in 
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woundn,  and  it  must,  therefore,  be  included  in  this  ^nmp, 
do  not  add  Tetanus,  because  I  do  not  think  that  there  is  suf- 
ficient evideucf  as  yet  to  justify  us  in  ekissing  it  among  septic 
diseases,  though  sevei-al  eminent  surgeons,  more  especially  in 
Germany,  hold  that  view. 
I  shall  first  consider 

The  Relations  of  Aseptic  Scroeuy  to  these  Discases. 

The  first  record  which  I  can  liiid— and  it  is  a  very  striking 
one — is  a  paper  publishotl  by  Mr.  List-cr  himself,  in  which  hu 
gives  his  results  in  Glasgow  up  to  the  time  when  he  went  to 
Edinburgh.  This  will  be  found  in  the  *  Lancet '  for  ISTO*  In 
this  paper  he  describes  the  jirogi-ess  of  his  eases  ;md  the  stnte 
of  his  wards  in  the  Glasgow  Infirmary  before  and  after  the  in- 
troduction of  aseptic  surgery.  He  tells  us  that  on  account  of 
the  constant  presence  of  infective  diseases  in  that  hospital  when 
he  went  to  Glasgow,  he  had  to  diiiiiuish  the  number  of  beils  in 
each  ward,  and  he  states  that  infective  disease  was  so  com- 
mon, that  whenever  a  case  of  campouud  fracture  was  admitted 
into  his  wards,  he  at  once  ordered  the  internal  administrntion 
of  sti]])hites,  which  were  at  that  time  much  used  as  prophylactics 
against  these  diseases.  In  some  of  the  other  waids  these 
diseases  became  at  times  so  prevalent  that  the  wards  had  to  be 
closed. 

Mr.  Lister  gives  the  following  statistical  tahle  of  his  results 
in  amputation  cases  before  and  aft^^r  the  introduction  of  ast^ptic 
surgery.  The  statistics  hefore  the  introdiu-tiuu  of  (hut  method 
include  the  results  of  two  years'  practice  {18fi4  and  18(>6,  the 
re]>ort  for  18(i.5  being  imperfect).  During  that  time  the 
following  amputations  were  performed,  with  the  following 
results: — 

CiMM  Dttltbt 

Throuf;h  the  sliouldcr-joinl H  2 

„      ur)pcr  arm 3  2 

,,      cIl>ow>joint 1  1 

„       forejvriQ ••»  1 

..hip 5  4 

„      thigh       . 10  a 

„      kiie«-juint »  1 

.,      ankle       ......  5  2 

Tiiijti  3.j  le" 

A  mortaiity  of  Kh-'i  p.  c. 
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The  causes  of  death  are  not  definitely  stated,  but  almost  all 
were  due  to  infective  disease.  Thus  of  the  six  deaths  following 
amputations  of  the  upper  extremity,  four  were  due  to  pyremia 
jind  oni'  to  hortpitid  gangrene. 

In  contrast  tc)  this,  Mr.  Lister  mentions  the  results  obtained 
during  the  ast-ptic  period  (1867,  1868,  18G9).  The  following 
were  the  iuuputations  i>erfonned  :  — 

Shu  alder- joint ....  3  — 

rpfjer-arm        ...  H 

Koirarin  ......  «»  1 

Hip-joinl '2  \ 

Thigh       ....                  ...  4  — 

Knee !3  4 

AnUc       .....                  .  »  — 

ToUl      .         .         .       4U  A 

A  mortality  of  15  p.  o. 

The  causes  of  death  in  all  the  cases  is  not  given.  In  two — 
an  ninputatinn  iit  tlie  hij>-joint  and  a  double  ampututirMi  nt  the 
kuee — death  occmred  from  shock  and  loss  of  l)lood,  Mr.  Lister 
also  states  that  two  of  the  deaths  resulted  from  pyiemia,  but  in 
one  of  these  the  pytemia  existed  before  the  operation  (jifuputn- 
tion  of  the  forearm ),  and  in  only  one  case  (an  anipiitatinn  at  the 
knee)  did  pyiemia  arise  after  the  operation.  But  further,  these 
•were  the  only  cases  of  pyiemia  which  oceurred  in  Mr.  Lister's 
liospital  pnictice  during  these  three  years,  and  that  in  spite  of 
the  former  frequency  of  the  disease.  And  among  the  other 
cases  treated  during  this  time  were  twenty-two  compound 
fractureit,  and  several  compound  dislocations. 

During  the  same  period  only  one  case  of  erysipelas  occurred, 
but  it  did  not  prove  fatal. 

Hospital  gangrene  attacketl  one  or  two  wounds,  but  it  was 
of  a  very  mild  ty]>e ;  and  Mr.  Lister  states  that  during  the  last 
year  of  this  jieriod  he  h;(d  no  cases  of  that  disease. 

Two  other  points  must  also  be  taken  into  considemtion. 
Firstly,  the  annual  cleaning  of  the  wards,  which  had  previonsly 
been  necessary,  was  not  carried  out  during  those  three  years, 
Secoudly,  when  Mr.  Lister  remarked  the  great  im|trovemcnt  in 
the  hraUhiness  of  his  wards,  he  increased  the  number  of  beds 
in  each. 

II  R 
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Here  we  have  a  verj  valuable  piece  ofs^tistics  ;  and  it  is  so 
much  the  more  strikmg  as  the  results  were  obtained  in  tLe 
early  days  of  aseptic  surgery  before  any  of  the  recent  imprort- 
nientti  had  been  iutroduceit.  During  a  jieritxl  of  three  years, 
there  occurred  only  two  caaeji  of  pyaemia,  one  case  of  ery8i{>e]aB 
and  one  or  two  cases  of  mild  hospital  gangrene,  and  this  re^iilt 
was  obtained  in  unhealthy  wards  in  wliich  these  dis^eases  were 
previously  common,  aud  iu  wards  which,  towards  the  end  of  the 
aseptic  period,  were  iu  much  more  unfavourable  hygienic  con- 
ditions than  before  the  commencement  of  that  ijeriod.  I^ooking 
at  only  one  clasK  of  operations,  the  mortality  after  nmputatioD^ 
was  rcductKi  from  45'7  p.c.  to  15  p.c,  and  that  rediiction  was 
iu  the  main  or  altogether  owing  to  the  abolition  of  infective 
disease.  I  say  that  these  statistics  arc  of  the  greatest  value,  and 
it  is  strange  that  they  have  been  allowed  to  pass  unnotieed  bv 
those  who  have  cried  so  loudly  for  statistics ;  for  they  answer 
almost  all  the  requirements.  They  are  results  obtained  by  the 
mitae  surgeon  in  the  samf.  wards  in  successive  years.  And  the 
result  cannot  be  ascribml  to  better  hygienic  conditions;  for, as  I 
have  just  jwinted  out,  there  was  no  improvement  in  the  hygienic 
arrangements  during  the  aseptic  period,  in  fact,  rather  the  con- 
tnny,  for  the  annual  ward  defining  was  (hme  away  with,  while 
an  increased  number  of  beds  was  introduced.  Nor  can  tjie 
results  bo  ascribed,  as  is  so  much  the  fashion  in  some  quarters, 
to  cleanliness  alone,  to  the  cleansing  of  the  instruments  after 
each  dressing,  &c.;  for  long  before  ]Mr.  T^istirr  had  thought  of  the 
aseptic  method,  he  had  striven  to  prevent  all  such  contaiiiiua'- 
tion,  being  fully  impressed  with  the  evils  of  [mtrefaction,  aud 
with  the  necessity  of  avoiding  it,  as  fur  as  possible.  Neverthe- 
less, though  cleanliness  had  l)eeu  tried,  it  had  failed. 

While  fijieaking  of  Glasgow,  I  may  mention  here  the  recent 
statistics  given  by  Mr,  MacEwen  in  187!),'  They  are  merely 
numerical,  but  neveitheless,  they  ju"e  striking,  and  when  con- 
sider(*d  along  with  the  other  results  which  will  be  referred 
to  presently,  they  will  be  seen  to  be  of  great  value.  IMr, 
MacEwen,  thinking  that  jiure  air  was  of  nifire  valut*  than  aseptic 
treatiunit,  asked  the  nu,*dical  Superinteudent  of  the  Glasgow 
lufirman'  to  compile  comjiarative  statistics  of  cases  treated  asep- 

*  Jitifi4h  M^ieal  Journal,  ld7V. 
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tically  and  of  those  treate<l  in  other  ways.  To  his  auq»rise,  the 
fiicti!  showed  the  opjjosiie  of  what  he  had  expected.  Thus,  during 
the  years  1875,  187G,  1877  ami  1878,  170G  rases  were  treated 
Btrictly  aseptically  under  the  care  of  Dr.  Quneron,  and  of  these  50 
or  2'93  p.c.  died.  During  the  same  period,  in  the  same  nurnlx^r 
of  wards,  under  Dr.  Morton's  c;u-e,  1884  oases  were  treated  not 
aseptically,  and  of  these  1 10  or  5*84  ]>.c.  died,  the  eases  in  each 
instance  being  practically  of  the  same  character.  And  not 
only  was  the  mortality  in  the  latter  case  more  (it  was  double) 
than  in  the  former  for  the  whole  period  taken  together,  hut  a 
similar  difference  was  found  wlu-n  tlie  results  of  cjich  year  were 
l(X>ked  at  sejmrately.    Thus  the  j>ercentage  mortality  during 


1875  was,  among  aseptic  caxf^s 

„  t,  non-osoptic  caKvit 

1876  „  asi'ptic  cascs 

„  „  non-a-*«ptic  casw* 

1877  .,  asfptic  case*    . 

„  ,,  Don 'aseptic  csi^s 

1878  „  aseptic  coaea   . 

,,  „  iioii<aseptic  cases 


:V29  p.  0. 

7-68  „ 

3-28  .. 

61M  „ 

308  „ 

C'13  „ 

i;it:i  „ 

3-!»G  ,. 


As  is  reniiirked  in  a  leader  in  tLe  *  British  Medical  Journal ' 
on  this  subject:  'The  result,  therefore,  proves  that,  under 
antisf^ptio  treatment,  the  mortality  was,  under  apiwirently 
strictly  comparable  circumstances,  much  smaller  than  under 
the  ordinary  motle.  •  ,  .  This  is  a  case  very  much  to  tlie  point, 
and  will  meet  some  of  the  comlitions  of  comparative  statisticB 
rightly  insisted  on  by  Mr.  Holmes.'  Some  corresjwndence 
followed  between  Dr.  Cameron,  Dr.  Morton,  and  Mr.  MaeEwen, 
aft^r  the  piiblicalinn  of  these  results,  hot  the  further  infonna- 
tion  elicited  did  not  in  any  way  alter  the  siguificance  of  the 
facts, 

I  will  now  pass  on  to  Mr.  Lister's  results  in  the  Edinburgh 
Infirmary,  These  have  iM^en  alre^ady  published  in  his  speech  at 
the  meeting  of  the  metropolitan  bnineh  of  the  British  Medical 
Association  at  St.  Thomas's  Hospital  in  December,  1871^;'  and 
some  further  facts  were  given  by  Mr,  Lister  in  his  reply,  in 
P'ebruary  1880,  to  Mr.  S])ence*s  attack.'  I  shall  not,  therefore, 
enter  at  great  length  into  these  general  statistics,  more  espe- 

'  See  SlacConnac'a  Antim-jitu*  Sttrgerg, 
»  Iiriti$h  Mtdiiiti  Jotinml^  I8S0. 
B  »  2 
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cially  a>i  I  intend  presently  to  allude  to  some  of  the  facta  in 
detail. 

From  tLe  end  of  1871  to  the  middle  of  1877 — a  period  of 
about  five  and  a  half  years — Mr.  Lister  treated  553  cases 
aseptically.  Of  these  2,  or  '36  per  cent,,  died  of  bl<x>d  poison- 
ing. During  the  same  period,  Mr.  Lister  treated  292  cases 
in  other  ways,  some  with  antiseptics,  some  without,  and 
of  these  4,  or  1*36  p.  c,  died  of  blixid  ]K>isoning.  Now  thisaJone 
in  a  very  striking  statistical  fact,  as  it  shows  that  the  same 
surgeon,  in  the  same  w:irds,  during  the  same  time,  lost  four 
time»  as  many  patients  from  blood  poisoning  in  cages  not 
treated  aseptically  as  in  those  which  were  treated  on  strict 
aseptic  principles.  And  when  we  look  at  the  nature  of  the 
cases  in  each  instance,  this  difference  will  become  much  more 
apparent. 

Of  the  553  cases  treated  aseptically,  29  died. 

Among  these  were  80  major  amputations,  of  which  0  died — 6  from 
iihock  within  a  few  hours,  1  from  diphtheria  in  the  tlu-oat  nine 
weeks  after  openitiou,  when  the  wound  was  nlmost  entirely  healed  ;  I 
from  cerebi-ai  hieuionhage  tluiee  months  after  the  0|)eration  ;  and  1 
from  hsemorrhiige  iiit-j  the  thigh  from  a  malignant  tumour  of  the  femur 
three  days  after  amputation  at  the  shoulder-joint — the  amputation 
wound  woii  doing  well. 

The  following  is  a  complete  table  of  Mr.  Lister's  amputations  : — 
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tically  without  a  death  (7  uf  knee,  "2,  of  shoalder,  10  of  elbow,  3  of 
wrist). 

Thirty  seven  excisions  of  the  mamma  were  performed  ascpticfiUy 
with  two  deaths,  both  from  infectivo  disease.  One  of  the  deaths  wn.s 
from  gepticaemift  occun-iii^  after  tlie  removal  of  a  very  large  portion 
of  akin  and  of  the  wliole  contents  of  the  axilla.  Kverj'thing  wont  ou 
perfectly  till  the  tenth  day,  when  a  mistake  wa»  committed  in  the 
di^eKsing  ;  putrefaction  occun^l,  Jind  septicfemia  commenced.  On 
post-moii^m  exiiminiition  no  :ihace«Ae«  or  infai-ot^  or  other  marked 
appearances  were  found.  The  other  patient  died  of  eryniiielaa. 
Among  these  37  cases  there  were  24  in  which  not  only  the  mamma  ^ 
but  also  the  fat  and  glands  from  the  axilla  were  i-emoveii. 

There  wei*e  27  otjenitiona  for  tin-unite<I,  or  J>adly  unite<l,  fractni-es 
without  a  denth.  These  consisted  of  >*  operations  on  the  femur,  0  ou 
the  hones  of  the  leg,  4  on  the  humerus,  5  on  the  bones  of  the  fore- 
arm, and  1  on  the  clavicle  (removnl  of  a  projecting  splinter  of  bone 
in  a  case  of  simple  fractm-e,  thus  converting  the  case  into  one  of 
comjx>uQd  fiuctiii-e). 

Thoro  woi-e  14  operations  on  healthy  joints,  in  which  the  joints 
were  opened  wml  kept  open  for  some  days  by  means  of  a  dniinage 
tube.     No  death. 

In  11  ciiseH  inciKioufi  were  made  into  diseased  joints  in  which 
suppuration  liad  not  yet  occorred.  No  death.  TheKO  were  oases  of 
golatinoii-{  disease. 

There  were  3D  causes  in  which  abscesses  of  joints  were  opened  and 
a  draina^  tulie  inserted,  none  of  tlie  diseased  part«  {lH>ne,  synovial 
membrane,  tfcc),  Ijeing  removed.  Of  these,  2  dietl,  Iwth  from  tuber- 
cular meningitU  confirmed  on  post-mortem  examination. 

An  incision  was  made  and  a  drainage  tube  inserted  in  2  cases  of 
sjTiovitis  of  the  knee-joint.     No  death. 

Thf^ro  were  4  cases  in  which  ojierations  were  perfonued  to  relieve 
old  standing  dislocations.  In  some  of  these  the  bones  were  simply 
replaced.  In  one  case  it  was  necessai*y  to  remove  portions  of  the 
bone  before  the  surfaces  of  the  joint  could  be  brought  into  appOKition. 
No  death. 

In  3  cases  the  femur  was  divided  for  knock-knee.     No  death. 

In  7  cafe's  of  ostitis  a  groove  was  dug  in  the  bone  by  a  gouge  and 
hammer.     No  death. 

Tlieie  were  7  cases  of  ligature  of  the  large  arteries  in  their  con- 
tinuity, with  1  deiith.  The  fatal  tiise  is  not  entered  in  the  notebooks, 
but  I  remember  its  occm-rence.  During  attempts  to  reduce  a  disloca- 
tion of  tliB  i^lioulder- joint  of  .seven  weeks'  standing,  the  axillary  artery 
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was  torn  and  biemorrhage  occuned  into  the  axilla.  Mr.  Luster  at  onoe 
cut  down  and  ligatured  the  artery,  but  the  patient  died  the  same  night 
from  exhaustion,  owing  to  the  loss  of  a  hirge  quantity  of  blood. 

There  wore  "1  cases  of  excision  i»f  the  thyroitl  gland.     No  death. 

'Iliere  were  4  taiRes  of  excinion  of  the  testicle.     No  death. 

There  were  9  cases  of  stningulutwl  hei-nia,  with  3  deaths.  The 
gut  waa  gangrenous  in  all  the  fatal  cases. 

There  were  30  cai^ea  of  nbsc«s.*»  (psoiw  or  lumbar)  connect^  with 
disease  of  the  spine.  Of  these  4  di«i— 2  from  phthisis,  1  from  ex- 
haustion, and  in  one  case  the  lumbar  abscess  was  almost  absolutely 
healed  when  a  little  glandular  alwcess  formed  in  the  neck.  This  was 
opene<l  without  aseptic  precautions,  and  the  wound  waa  attacked 
with  erysipelas,  of  which  the  putient  died.  Thmigh  this  was  an 
aseptic  case,  yet  the  erysipelas  did  not  attack  a  wound  treated 
aHeptically,  and  therefore  the  death  from  infective  di<iieaae  is  in- 
cluded among  the  ca.se>4  not  treated  aseptically,  and  not  among  the 
o-septic  ones. 

There  were  91  ouses  of  acute  or  chronic  nlwcesses.  These  included 
a  great  vanety  of  abscesses,  but  they  were  all  more  or  less  extensive. 
There  were  3  deaths ;  one  death  occurred  in  a  ca«e  of  peri-renal 
altsctfss.  The  patient  was  in  a  very  low  atjit©  when  operated  on,  had 
diarrhcea,  &c.,  and  he  sank  in  ten  days.  On  p08t-mt)rtem  examination 
the  typical  .scrofu1ou.s  kidney  wjls  found.  The  other  death  occurred 
in  a  case  of  abscess  iu  the  right  Iuml>ar  region,  but  iu  which  there 
was  no  db^ease  of  the  ispiue.  The  abscess  was  opened  on  Sluy  20, 
1S73,  and  went  on  very  well  till  July.  There  wiis  then  only  a  small 
sinu.s,  and  the  patient  was  jK^rmilted  to  got  up.  During  autumn  the 
discharge  was  allowed  to  putrefy,  and  it  afterwai-ds  increased  rapidly 
in  amount  and  became  purul^^nt.  For  some  days  l>efore  her  death,  on 
November  loth,  the  patient  hml  very  SBvure  pain  iu  the  right  ilia*3 
region  and  the  light  limb,  and  following  thus  the  leg  and  foot  became 
gangrenous  (phlebitis  1). 

There  were  five  i*tiso»  of  empyema*     No  death. 

There  were  eight  cases  of  chi-onic  burhitia,  iu  which  incisions  were 
made  and  drainage  tubes  iaserted.     No  bad  result. 

There  were  twelve  eases  of  removal  uf  exostoses  without  a  death. 

There  were  forty  ca.^es  of  removal  of  hirge  tumours  from  varirma 
r^ons.  No  death.  (There  were  also  a  number  of  cases  in  which 
BmiiDish  tumours,  fatty  or  otherwise,  were  removed.  These  are  not 
included  among  the  forty.) 

There  wei-e  three  cases  of  suprapubic  lithotomy,  with  two  deaths.  In 
one  fatal  cose,  an  iidult  male,  the  peritoneum  was  intentionally  opened 
below  the  umbilicus,  the  bladder  incised  tbrcugh  its  {leritoneal  coat, 
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and  the  stone  exti*acted.  The  wound  in  t}ie  Madder  wna  t}ien  stitched 
up,  fts  wAfi  also  the  wound  in  the  abdominal  wall.  Ttie  piitient  was 
doing  well  till  the  second  morning (alKint  forty  hours)  after  the  opera- 
tion, when  he  got  out  of  IkxI,  or  was  made  to  get  up.  As  ft  rt-sult  of 
this  exertion  the  intestines  pi-ottnded  l)ctwp*ni  the  Rtitchea.  They 
were  returned  as  soon  as  the  accident  was  di?covorod,  but  the  patient 
died  of  shock  on  the  same  day;  In  the  other  fatal  case,  a  little  boy, 
the  i^eritoneum  wa«  also  opened,  but  the  stone  was  not  removed.  The 
child  cried  incessantly  after  the  operation,  and  in  spite  of  the  close 
Btiti-hing  of  the  wound  in  the  abdouiinul  wull,  the  intestines  csca[>ed 
between  the  rtit^ihos.  Tlie  patient  died  on  the  following  day  from 
shock. 

There  were  three  cases  of  spina  bifidji,  into  which  minute  drains,  in 
two  cases  horse-hair  (two  or  three  thrMulu),  and  inonea  drainage  tube, 
were  introduct»d.  The  patients  apimirntly  ilied  as  the  result  of  the  con- 
stant draining  away 'of  the  cerebro-spinal  fluid,  although  as  soon  as  bad 
symptoms  were  evident,  the  dmin^  were  withdrawn.  In  two  crtsos  no 
maci*oftoopical  np|)eaninceB  wei-e  found  to  nccount  IVtr  denth.  (I  do  not 
know  what  tho  microscopical  appoarancoR  of  the  ronl  may  Imve  been.) 
In  one  ca.«e  the  sac  was  congente<l,  and  contained  a  little  turbid  fluid, 
liut  there  was  no  violent  inflammation,  and  the  little  which  was  pre- 
sent did  imt  apparently  ppread  up  the  canal.  In  fact,  rhc  nppearanres 
founi]  could  not  explain  the  fatiil  result  inanynf  the  cases,  and  there- 
fore it  \fi  possible  that  the  distuibance  due  to  the  constant  draining 
away  of  the  oerebro-ppinal  fluid  had  something  to  do  with  death. 
The  6rst  two  cases  ilied  in  two  and  nine  days  respectively.  Tlie  la^i 
died  in  five  days. 

One  case  of  chronic  hydrocephalus  was  treate<l  in  this  way  fby 
di*ainage)  and  died  in  six  days.  There  was  no  trace  whatever  of  in- 
flaaimation.  The  ventricles  were  extremely  distended,  containing 
forty-two  ounces  uf  clear  cerebro- spinal  fluid.  Apparently  the  fatal 
result  was  due  to  the  same  cause  as  in  the  former  instances,  viz.,  the 
disturbance  consequent  on  the  constant  dmining  away  of  the  cerebi-o- 
Bpinal  fluid. 

These  nre  tlie  most  important  of  (lu!  553  eaH*'j<.  (AUlioiigli 
there  were  only  two  dwUhs  fnnn  infective  disease  after  aseptic 
operations,  and  although  tlmt  fact  was  all  thnt  was  necessary  for 
our  present  purpose,  1  have  thought  it  well  to  mention  all  the 
causes  of  death,  nnd  to  indicate  the  sort,  of  ciiscs  treated.) 

The  292  cases  not  treated  aseptically  contained  a  very  much 
larger   proportion    of  trivial   operations,   such  na    removal  of 
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thft  opentiob.  Ote  cue  oT  cxcteim  of  t2ke  to^oa 
(aC  wtftntf-^xr)  <ii<d  in  ten  ^^s  wiUBoat  kny  iff  rial  ■jn4ilaiBa, 
■ppMirtly  of  exiMiHtian;  no  aoviid  appaniifln  vere  fooad  on 
gmt  awrf  ■  rymmation.  One  case  in  wKidi  the  ioor  «f  tbe  jsoalh 
ira»  rvDMJTMl  Cor  maltgxunt  tliifff  (act  old  wonoui)  died  apfMtrentlj' 
«f  cslMiMAififii.  Okie  cue  sC  old  litanHing,  uauwak  of  U»  iliam  (ask. 
twenty),  died  twcntj-Uine  dajs  after  aa  attempt  to  rcoMnre  the  dead 
bono.  He  i>  alao  and  to  faave  died  of  exkaostiaik,  but  tbere  is  no 
record  of  the  pnet-mnftem  fnniiBiiiatifai,  and  be  bad  i  oHer  y  ni  i  inl  vomit- 
iog  daring  the  (hrt7*«igfat  boors  preceding  deatb.  (Several  of  these 
cnes  of  exhaoation  vere  probably  caaes  of  caprvmla  or  sept 


If  we  coin}jeire  the  canses  of  death  iu  the  two  iustanees 
the  nature  of  the  o]ierations,  the  case  in  favour  of  the  aseptic 
met-hnrl  becoruea  much  stronger  than  if  we  simplj  comjjare  the 
death*  from  infective  disease.  To  the  septic  ca^es  the  patients 
either  died  of  sei»tic  disease  or  of  exhaustion,  the  result  of  pro- 
fuse suppuration,  again  the  result  of  putrefaction.  If  we  con- 
sider tlw*  aseptic  cases,  on  the  other  hand,  we  get  a  very 
iiitr<in'rit  result-  Thus,  among  the  deaths  after  amputation 
then?  was  not  a  single  case  where  any  method  of  treatment 
»p[(liei)  to  the  wound  could  possibly  have  saved  the  patient. 
The  two  UfrttliM  from  tubercular  meningitis*,  the  three  cases  of 
hernia  in  which  the  gut  was  gangrenous,  and  the  two  cases  of 
phthisis  were  all  independent  of  the  trea'ment  of  the  wound. 
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The  case  of  peri-renal  abscess  was  also  hopeless,  and  so  also, 
possibly,  the  case  of  abscess  in  the  loin  where  gangrene  of  the 
foot  occurred.  In  the  case  of  exhaustion  after  ])soas  abscess 
the  disease  was  extremely  extensive.  But  suppose  we  include 
this  case,  the  two  cases  of  infective  disease,  the  three  cases  of 
spina  Ijifida,  the  case  of  hydrocephabis,  and  the  two  cases  of 
sui>rapubie  lithotomy,  we  have  only  nine  instances  of  what  we 
may  term  preventible  deaths.  In  the  last  six  cases,  however, 
it  was  rather  to  the  direct  surgical  interference  than  to  any- 
thing; iu  the  aftL'r-i>rogress  of  the  wound,  looked  at  from  our 
present  point  of  view,  that  the  deaths  must  be  attributed  ;  and 
liere,  of  course,  we  are  not  eonsiilfring  thti  former  point. 
Leaving  then  out  of  view  the  question  of  the  surgical  inter- 
ference, there  are  only  three  cases  among  these,  which  can  be 
considered  in  connection  with  the  method  of  woimd  treatment 
alone.  Indewi,  1  doubt  very  much  if  it  is  fair  to  inchide  the 
case  of  exhaustion  after  psoas  abscess,  for  the  disease  was  of 
such  a  nature,  so  very  extensive,  as  to  render  it  doubtful 
whether  recovery  was  jwssible  under  any  circumstances.* 

On  the  other  hand,  among  the  fatal  septic  cases,  there  were 
non«  indcjH-ndcnt  of  the  nfter-progress  of  the  opemtioji  wmnd, 
unless  indft'd  we  exclude  the  case  of  necrosis  of  the  ilium 
in  which  probably  waxy  degeneration  of  the  internal  organs 
had  occurred  extensively  >M'foro  tho  operation.  Tliis  leaves  9 
out  of  292  septic  cases,  of  which  a  large  proportion  were  trivial 
operations  in  which  death  ocoiu-red  on  account  of  the  coiu'se 
which  the  wound  followed,  while  in  the  former  instance,  in 
the  553  aseptic  cjis<>s,  a  very  small  proportion  of  which  were 
trivial  operations,  there  were  only,  at  the  most,  three  such  in- 
stances. 

During  this  sunie  [xiriixl  there  were  treated  aseptically  in 
hospittd  seventy -two  cases  of  injury  (wounds,  compound 
fractures,  and  wonnds  of  joints),  of  which  four  died. 

Three  of  these  deaths  occvirre<l  in  citftw  of  compound  fracture 
ti-eated  conserv»itively,  smd  in  all  ileath  took  place  witliiu  48  horn's. 
The  other  death  occurred  in  a  case  in  which  tho  attempt  to  eradicate 
putrefaction  was  unsiicceesfid,  and  where  the  piitient  is  said  to  have 
died  uf  bronchitis  and  caidiac  disease. 

'  See  the  list  of  psoas  a)i«cesscu,  Ko.  21,  Chupler  XX. 
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Hero  again,  there  is  ouly  uue  case  of  }X)S8ibIy  preventible 
death,  and  that  in  a  septic  case.  Among  those  which  were 
rendered  asopHe  no  death  occurre<l  which  was  preventible  by 
any  known  method  of  wonnd  treatment. 

We  have  fortunately  the  opportunity  of  comparing  these 
results  with  those  obtained  by  another  surgeon — Mr,  Spence — in 
the  same  hospital  during  the  same  time,  by  the  use  of  methods 
of  treatment  which  were  not  aseptic  but  which  consisted 
sometimes  in  the  npplieation  of  water  dressing,  sometimes  of 
boracic  lint,  and  in  some  cases  no  dressing  was  used,  I  cannot 
give  a  name  to  the  method  of  treatment.  It  was  a  mixture  of 
principles,  in  fact  a  sort  of  mongrel  Tnetho<l.  There  were  certain 
differences  in  the  hygienic  conditions  wliiL'li  will  be  jtresently 
alluded  to,  but  these  were  all  more  favouraVjle  to  ]Mr.  Spence^ 

Mr.  Spence's  report  extends  from  October  1872  to  April 
1878  with  the  exception  of  the  winter  session  1874-75  '  I 
regret  that  I  cannot  find  any  re|>ort.  for  this  session,  as  during 
it  there  was  a  virulent  epidemic  of  erysipelas  in  Edinburgh, 
and  it  would  have  been  interesting  to  know  how  Mr.  Sj>enee'8 
coses  progressed  during  that  time.  Taking,  however,  tJbe 
period  so  far  as  it  is  given  >  but  always  remembering  that 
a  very  te^tting  w^inter  iachiJed  in  ^Ir.  Lister's  results  is  not 
present  here,  we  find  that  during  this  time  328  more  or 
less  severe  operations  were  performed  with  tifty-eight  (letiths, 
and  that  three  cases  of  compound  fracture  were  treated  con- 
servatively with  one  death.  What  proportion  of  these  deaths 
were  due  to  infective  disease,  we  shall,  I  suppose,  never  know. 
In  sixteen  out  of  the;  fifty-eight  cases  the  cause  of  death  is  not 
stated  at  all ;  five  died  within  thirty  hours,  and  may  therefore 
be  left  out  of  consideration  ;  whik^  in  eight  the  fatal  result  is 
directly  assigned  to  septic  poisoning.  In  twenty-nine  of  the 
cases  no  distinct  causes  of  death  are  given,  though  such  state- 
ments  as  the  existence  of  irritative  fever,  unhealthy  action  in 
the  wonnd,  uurnntroUablo  oozing  of  blood,  &c.,  lead  us  to  sus- 
pect that  infective  disease  was  idso  at  work  in  these  instances. 

These    results   form    a   marked    contrast   to    Mr,    Listor'a. 

'  See  .Vrtiiral  IHrnrn  and  Oazrtif^  March  13,  187'i ;  tbc  same  journal  for 
October  :fS.  1876;  iind  theNovcmUer  and  December  oumbi;rs  of  Ibc  Kdinburyh 
Medical  /ourwtlfot  I67U. 
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Here  we  have  a  percentage  mortiility  of  nearly  eighteen  p.c,  as 
compared  with  Mr.  Lister's  percentage  mortality  in  aseptic 
cases  of  nearly  five  p.c.,  i.e.  a  mortality  in  septic  cases  3*7  times 
greater  than  in  aseptic  ones.  And  further  the  cases  of  death 
which  are  distinctly  stated  by  Mr.  Spence  as  having  been  due 
to  septic  dise^ises  were  eight  in  number  or  2*4  p.c,  that  is  to 
say,  eight  times  more  than  the  mortality  from  similar  causes  in 
Mr.  Jiister's  aseptic  practice.  And,  as  I  have  jnst  indicated,  the 
mortality  from  these  causes  in  Mr.  Spencc's  practice  was 
probably  very  much  greater;  and  this  difference  is  not  due  to 
greater  severity  of  the  operations  in  Mr.  Spence's  practice,  as 
we  shall  see  from  the  following  statement  of  the  nature  of  his 
eases. 

During  this  period  Mr.  Spence  performed  97  amputiitions,  of 
which  25,  or  257  per  cent.,  died.  (Comp;ire  this  with  Mr.  Lister's 
mortality  of  11*25  per  ceut.  after  amputations  performed  on  aseptic 
principles.) 

The  following  table  gives  Mr.  Spence's  results  in  major  amputa- 
tions : — 


Hip. 
Thigh 
Knee-joint 
Leg. 
Ankle 
Shoulder  . 
Ann 
Fore-arm . 

Total 


Priuiury 

tw.n.tniiarj'  tu 
Injury  anil 
fordiacoM 

TtiUl 

Cum 

DmUu 

Cmu 

DgaUu 

Cam 

DMlha 

1      0 

0 

3 

1 

3 

I 

R 

» 

26 

r> 

31 

1) 
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0 

0 

0 
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4 
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o 

13 

2 

1 

0 

24 

•> 

as 

2 
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9 

» 

2 

2 

3 

2 

4 

4 

1    16 

7 

74 

Ifi 

iK) 

23 

From  this  table  I  have  exeludoJ  6  partiul  amputations  of  the 
foot,  with  2  deaths,  and  1  partial  amputation  of  the  hand.  These 
are  includes!  by  Mr.  Speuce  among  Ins  major  aniputdtions,  but  I 
have  already  excluded  such  operations  from  Mr.  Lister's  list. 

As  to  the  caases  of  de&th  in  these  coses,  one  patient  on  whom  am- 
putation at  the  hip-joint  was  pei-formetl  nillied  after  the  operation, 
but  sank  Buddealy  next  diiy.  Oae  case  of  primary  ampulatiou  of  the 
thij^h  died  from  shock,  and   1   from  pycemia :   1  am|)utAtion  of  tlie 
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Utigh  Tor  (lineaae  diPtl  of  tnberculiir  nieuingitis ;  I  died  5  days  ftfter 
the  openitioTi,  and  it  is  statcnl  that  he  had  diarrhcea  ;  tn  1  case  (XJZiDg 
of  blootl  come  on  2  or  3  days  after  tho  opemtion.  One  secondnrr 
amputation  at  the  ankle-joint  died  from  septic  poi-iouing,  ann  1  hafl 
diarrhceit  and  talk's  mescnterica.  One  fatal  caso  of  amputation  at  the 
flhoulder-joint  had  ro|>C]ited  hn^morrhages  from  the  wonnd.  One  case 
of  amputation  througli  tlio  up^ter  arm  died  2  days  aft^trtbe  operation, 
having  had  continuous  oo/Jng  of  hh)o<] ;  in  1  caso  general  oozing 
began  on  the  6th  ilay  but  was  arrested  by  stj'ptica,  und  the  patient 
died  on  the  7th  day.  One  primary  amputation  of  the  fore-arm  died 
from  ])neumonia,  and  1  had  fever,  traimiatic  delirium,  diarrhcea  and 
vomiting,  and  died  on  the  10th  day  ;  1  die<l  from  erysipelas  and  1 
fi-om  pleurisy  and  pneumonia.  The  causes  of  death  in  the  other 
fatal  ca-ses  (8  in  number)  are  not  referred  to. 

Among  the  other  cases  treated  were  57  excisions  of  various  joints, 
of  which  7  died;  34  excisions  of  the  miimma  with  2  deaths;  10  cases 
of  lithotomy  with  1  death  ;  44  cases  of  removal  of  tumours  with  8 
deaths ;  SI  complete  or  partial  excisions  of  the  Umgue,  4  deaths ; 
4  cases  of  tnu-heotomy,  no  death  ;  31  operations  for  necrosis,  no 
death ;  1  operation  for  Iwidly. united  fracture  of  the  femur,  no 
dL^th  ;  seveiul  miscellaneous  severe  operations,  G  deaths  ;  3  excisions 
of  tlie  lower  jaw,  uo  death;  3  castrations,  no  d«ath ;  2  cases  of 
trepliining. 
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On  compariDg  these  cases  with  Mr.  Lister's  we  find  that 
the  operations  were  not  more  severe,  and  yet  the  mortality  was 
nearly  four  times  as  great. 

Mr.  Spence  had  tbirty-one  amputations  of  the  thigh  against 
Mr.  Lister's  twenty-uine.  but  nine  deaths  against  three. 

The  total  number  of  cases  in  which  bones  were  operated  on, 
BUch  as  for  ununited  fnictiu'es,  exeiniouy,  tie,  was  greater  iu 
Mr,  Lister's  practice,  and  yet  he  had  no  death  as  compared 
with  Mr.  Spence's  seven  fatal  cases.  This  difference  is  the  more 
remarkable  when  it  is  remembered  that  many  of  Mr.  Lister*s 
operations  were  performed  on  healthy  bones,  while  the  greater 
number  of  Mr.  Spence's  were  performed  on  diseased  bones.  It 
is  less  dangerous  to  operate  on  the  extremity  of  a  bone  than  on 
the  dense  shaft,  especially  where  the  medullary  cavity  is 
oi>ened.  And  the  dangers  of  the  operation  are  diminished  if 
the  lK>ne  be  previously  the  seat  of  clu-ouic  inflainination,  for  a 
chronically  inflamed   bone   is  well    advanced   on   the   road  to 


Mli.   iSI'EyCE'S  liESULTS, 


SMl 


' 


granulation,  and  granulation  is,  therefore,  much  sooner  com- 
plete after  the  operation  than  in  the  caae  of  healthy  bone.  In 
other  words,  the  time  during  which  there  is  risk  of  absorption 
from  the  wound  is  shorter  in  tbt?  case  of  uhroiiically  inflamed 
bone  than  in  the  case  of  healthy  bone^  while  the  risk  is  from 
the  first  less,  because  in  the  diseased  bone  a  jMirtial  barrier  ia 
present  froDJ  the  beginning. 

Then,  among  Mr.  8j)ence's  cases  there  is  not  a  single  in- 
stance of  simple  incision  and  insertion  otn  dniinage  tube  into 
a  healthy  joint,  a  diseased  joint  or  a  suppurating  joint,  whilt: 
Mr,  Lister  had  seventy-six  of  these  cases. 

Then,  also,  Mr.  Speuce  does  not  seem  to  have  treated  a 
single  case  of  psoas  or  lumbar  abscess. 

Thus,  however  we  look  at  the  matter,  the  contrast  between 
septic  and  aseptic  surgery  is  very  markedly  \i\  favour  of  the 
latter.  This  is  well  seen  in  Air.  Listers  own  hands,  in  which 
the  results  of  cases  treated  aseptically  were  much  better  than 
of  those  treated  in  other  ways,  these  results  being  obtained  by 
the  same  surgeon,  in  the  same  wards,  and  during  tlie  same 
time.  The  same  contrast  in  favour  of  aseptic  surgery  is  shown 
by  the  results  obtained  by  another  surgeon,  in  the  same  hospital, 
during  the  same  time,  and  under  circumstances  in  every  way 
more  favourable,  both  as  regards  the  severity  of  the  cases  and 
the  hygienic  conditions  under  which  the  patients  wore  placed. 
With  regard  to  the  latter  point,  it  must  be  uoteci  that  Mr. 
Spence's  wards  were  well  ventilated  and  at  the  top  of  the  build- 
ing; Mr.  Lister's  wards  were  at  the  lower  piirt  of  the  building, 
some  on  the  basement  floor.  Mr.  ISpeuce  did  not  overcrowd 
his  wards  ;  Mr.  Lister  had  as  a  rule  nearly  seventy  patients  in 
wards  containing  fifty  beds,  and  these  beds  were  more  closely 
packed  than  Mr.  Spence's.  (The  way  in  which  this  was 
managed  was,  that  those  adult  patients  who  were  well  enough 
to  be  u]i  during  the  day,  slept  on  mattresses  placed  in  viu-ious 
parts  of  the  ward  at  night,  while  children  were  placed  two,  three 
and  sometimes  even  four  in  a  bed.)  Then,  lastly,  Mr.  Spence's 
wards  were  thoroughly  cleaned  out  once  a  year;  Mr.  Lister's 
wards,  on  the  ntlier  han<l,  did  not,  at  his  own  request,  undergo 
this  annual  process. 

LThat  the  wards  in  which  Mr,  Lister  worked  were  unhealthy 
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wards,  is  shown  by  the  result-s  obtained  by  Mr.  Syme  during 
his  last  four  years.  Of  amputation  cases  (120  in  number)  he  lost 
twenty-five  from  infective  diseai?es  alone, while  Reyherj*  who  piib- 
linhed  these  comiKirative  statistics,  states  t]mt  Mr.  Lister,  np  till 
the  end  of  1873,  in  123aniiiutations,  had  not  lost  one  from  infec- 
tive disease,  unless  indeed  wo  include  a  case  of  tetanus  as  such. 

These  statistical  facts  fulfil  the  conditions  required  by  Mr- 
Hohnes  in  his  recent  utterances,  and  they  are  tlierefore 
deserving  of  careful  consideration. 

I  shall  now  pass  on  to  consider  Mr.  Lister's  results  in  King's 
College  Hospital,  from  November  1877  till  November  1880. 
During  this  period  there  were  2(M  operations  performed  asepti- 
cally,  of  which  foiuieen  died.  All  of  the  oi)eration8  were  more 
or  less  serious,  and  the  following  is  a  sample  of  them,  with  the 
causes  of  death  in  the  fourteen  cases. 


There  were  3  amput4iiious  at  the  hip-joint  for  tliisease,  with  1 
death.     This  case  dietl  from  shock  half  au-Uour  after  the  operation. 

There  were  \  amjiutations  of  the  thigh  for  diseiise,  of  which  3 
died  : — 1  gt)t  suppression  of  urine  on  tlie  second  day  and  died  ;  hia 
kidneys  were  extremely  fatty,  iuid  the  fact  that  he  had  marked  albu- 
minuria hatl  been  overlooked  before  the  oporation.  One  case  died  of 
pneumonia ;  ho  had  a  sHgJit  cold  before  the  operation,  caught  from 
draughts  in  the  wnitl ;  afterwards  he  got  pneumonia,  which  wa« 
apitfirently  distinctly  traopahle  to  exposure  during  the  energetic  ven- 
tilation of  the  wards  in  the  intense  cold  of  winter.  (8u(^  ventila- 
tion is,  I  need  liardly  say,  unnecessary  in  wards  where  a^ptic  treatment 
is  earned  out, ;  the  comfort  of  the  i>aticnLs  is  the  point  to  be  attended 
to  rather  than  the  constant  flow  of  a  current  of  air  through  the 
wards.)  A  post-mortem  examinatirai  was  not  allowe^l  in  this  cafie 
The  third  case  was  one  of  spotitAneous  gangrtme  of  the  foot  and  It^, 
where  ampuUition  of  the  thigh  waa  performed.  Giingrene  recurred, 
and  the  i»atient  died  on  the  4th  day  after  the  operation. 

There  were  2  amputations  of  the  foie-arm.     No  death. 

There  were  16  excisions  of  the  mamma  and  pxillarr  glands,  with 
2  deaths.  Both  operations  were  very  extensive,  and  both  patienta 
died  from  shock  within  36  hours. 

Thei'G  were  13  inci.*iioivs  into  healthy  joints,  no  death  ;  5  in* 
cisiuus  into  joints  allected  with  synovial  degeneration,  but  without 
buppumtiuu,  no  death  j  3  incisions  into  joints  aiTected  with  synovitis, 

>  ^rchiv/ur  KHn.  CMmrffie,  IkL  xvU.  (),  4W. 
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uo  death  ;  9  incisions  into  suppurating  jointft,  2  deatlis,  one  of  which 
was  due  to  tubeixsular  meningitis,  coufirniod  on  post-mortem  exumin* 
atioD,  and  I  occurred  in  a  child  admitted  with  ncute  ab8ces8es  in 
various  joints,  iii  fact  with  pyiemia  after  scarlet  fever;  he  died  2 
days  after  aduii>tsiou. 

There  wei-e  31  opei-ations  on  healthy  bones  for  deformities, 
ununited  fracture,  kc.     No  death. 

*niore  were  8  aljscesses  (lumbar  or  j>soiis)  connected  with  diaoase 
of  the  spine.  One  death.  This  c;ufe  putivfietl,  and  the  patient  was 
Bent  home,  but  dieil  at  home  fioui  exhaustion  a  few  weeks  later. 
Though  not  ii  death  in  hofipital,  it  is  a  death  in  a  case  treated  at  tlie 
firet  asoptii'alh',  and  I  have  therefore  included  it.  PutrefBction  occurred 
owing  to  tliQ  ciitiurastance  that  the  patient  suffered  from  carbolic 
acid  poisoning,  and  hence  the  dresfiings  were  left  on  longer  than 
visual,  and  thymol  dressings  wei-e  ultimately  substituted  for  the 
caiholic  gauze,  with  the  result  that  the  discharge  pnti*e£ed. 

There  were  4  cases  of  strunjfulated  hernia  with  3  deatliH.  In  one 
fativl  case  the  bowel  was  gangrenous ;  the  gangrenous  iK)rtion  was  cut 
away  and  the  divided  ends  of  the  gut  nnite«i  by  suture;  the  i)atient, 
who  was  collapsed  at  the  time  of  the  operation,  died  in  2  or  3  hours. 
In  one  case  the  ytatient,  an  old  woman,  was  in  a  state  of  collapse  at  the 
time  of  the  operation  and  never  recovered,  dying  within  2i  hours.  In 
one  case  the  gut,  which  was  in  a  suspicious  state  at  the  time  of  the 
operation,  gave  way  60  hours  later,  and  its  contents  piiciiped  into  the 
I>eritoneal  cavity.     The  patient  died  in  a  few  hours. 

There  were  3  o]>erations  for  radical  curu  of  liemia,  in  which  Iho 
gresiter  part  of  the  sac  wa«  cut  away  and  the  margins  stitched  with 
cat-gut.     No  death. 

There  were  3  cases  of  acute  necrosis  where  incisions  were  made 
down  to  the  bone  and  drainage  tubes  inserted  ;  the  bones  were  not 
resected,  as  flir.  SjK^nco  iiecommeuds,  such  a  pi-oct-duro  being  un- 
necessary with  awejitic  management.  One  of  tht'se  case«,  a  child, 
which  was  apparently  in  a  septiciemie  state  before  the  operation, 
died  .3  days  afterwuids. 

There  were  23  hu*ge  abscesses,  among  which  were  6  iliac 
a!>Hcei;ses,  3  gluteal,  1  pelvic,  '1  mammary,  2  in  calf,  2  in  thigh^  1 
case  in  which  there  were  7  cbi-onic  abscesses,  2  cases  of  .suppunition 
of  bruiftea;  all  of  thom  extensive.  No  death.  Two  cases  of  empyema. 
No  dejith. 

There  woxe  2  cysts  of  the  thyroid  gland,  which  were  opened  and 
drained;  no  death.  Thrco  exuisiuns  of  the  thyiwl  gland;  one 
death.     In  the  fatal  case  the  tuiuoui*  wuh  adhci-ent  to  the  trachea, 
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which  had  become  thinned  by  the  pressure^  and  in  removing  tlie 
tumour  the  thin  membrane  gave  way.  Thug  the  case  was  no  lunger 
an  aseptic  one.  The  putrid  matters  passed  down  the  trachea^ 
and  gave  rise  to  inflammatiou  of  the  lii-onchi.  The  difficulty  in 
breathing  was  not  i-elieved  by  the  operation,  Tlie  pnlieut  died  16 
days  alter  the  operation.  At  tho  poat-mortem  examination  an  open- 
ing waa  found  in  the  ti-achea  large  enough  to  admit  the  tip  of  tl^te 
little  finger,  an<l  communicating  with  the  wound.  Tlie  lungs  wei^e 
wdematou!^,  and  a  small  quantity  of  pus  could  be  f^tjuei^zcd  fivni 
variou.s  pjirt.*^,  but  tliertf  were  no  u1)Hci.^Ht»>s  or  infarcts.  A  lai^ 
tumour  was  found  in  the  thorax  suiTounding  the  trachea,  and  partly 
also  the  arch  of  tie  aorta.  There  were  no  other  post-mortem 
ap|>ttjrances.  This  is,  of  course,  a  septic  case,  and  ought  ntit  to  be 
included  in  this  list,  but  I  insert  it,  us  the  operation  waa  undcrlaken 
with  thi^  intontion  of  jKn-forming  it  aseptically,  and  as  it  is  such  a 
marke<]  contmst  to  tho  others. 

Then  there  wei-e  a  number  of  single  operations,  which  it  would  \te 
too  te<liou,s  to  pijumerate,  >urh  aa  *2  cases  of  nerve  fttretching,  2  cas- 
ti-ation8,  1  operation  for  aneiu-Lsnial  varix,  5  vancoceles  (veins  tieJ), 
removal  of  tumours  of  various  kinds,  Ac. 

If  now  we  look  at  the  causes  of  death  we  find  that  several 
were  unconnected  with  the  treatment  of  the  wound.  Thus  the 
case  of  shock  nfter  amputation  at  the  hip-joint  and  the  two 
fatal  cases  after  excision  of  the  mamma  are  quite  irrelev'ant. 
So  also  are  the  three  deaths  after  stningnihited  heiTiia,  the 
death  from  tubercular  meningitis,  and  the  death  of  the  little 
boy  admitted  with  pyicmia. 

How  are  we  io  look  at  the  cases  of  death  from  8Up])resyicm 
of  urine,  after  aeute  necrosis,  and  after  recurrence  of  gangrene  ? 
Could  these  have  been  prevented  by  any  method  of  tnyitment? 
The  thyroid  case  was  a  septic  one. 

This  leaves  us  with  two  eases  to  consider:  the  case  of 
pneumonia,  which  I  myself  saw,  and  which  I,  as  well  as  others 
who  know  the  fact.n,  finnly  believe  to  have  been  caused  by  im- 
prudent ventilation;  and  the  fatal  case  of  ps<^uis  abscess,  which 
UTidnnbtedly  ought  to  have  been  avoided,  and  would  in  all 
probability  have  been  so,  had  not  the  jmtient  been  so  sen- 
sitive to  the  effects  of  carbolic  acid. 

During  these  eigbt  years,  three  wounds  of  healthy  jiiints 
and  foiu'teen  compound  fractures  were  treated,  with  one  death. 
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This  death  occuiTeil  iu  a  case  uf  cutnpound  fructure  of  i\\\\ 
skull,  the  jjatient  being  comattise  when  admitted ;  tre|»hiiiing 
wag  performeil,  but  he  died  within  twenty-four  hours.  There 
were  also  a  number  of  more  or  less  severe  wounds  under  treat- 
ment at  the  same  time. 

liooking  then  at  the  whole  results  attiiined  by  Mr.  Lister, 
we  must,  I  think,  come  to  (he  conclusion  that  he  is  correct  in 
fitating,  from  his  own  experience,  that  infective  dis<»use  ia 
abolished  by  aseptic  treatment,  ^o  that,  if  an  operation  can 
be  performed  aseptifully  tlje  risk  of  infc'ctive  diseaHe  may 
practically  be  left  out  of  consideration  in  deciding  nn  the  ad- 
visiihility  of  th«  opi^ration*  ThiK  view  h;itt  been  amjily  l>onie 
out,  as  I  have  shown,  by  thirteen  years'  con.-*tant  work  in  three 
different  hospitals — none  of  them  particularly  noted  for  health- 
iness. 


One  of  the  first  surgeons  to  take  up  the  aseptic  methixl 
thnrnui»hly,  was  Professor  Volknuinn  of  Halle;  and  he  has  con- 
tributed some  reraarkable  testimony  to  the  efficacy  of  the 
system.  For  many  years  he  had  use^l  the  ojien  method,  and 
during  the  war  in  1^66  all  amputation  wounds  were  treated  in 
this  way.  He  also  employed  immersion  in  water  eont.4iining 
carbolic  acid  :  recent  woutids  of  the  hands  and  feet  were  placed 
in  vessels  containing  this  solution.  In  his  earlier  cases  the 
woimds  were  stitched,  drainiige  being  provided  for,  bvit  for  the 
four  years  preceding  the  adoption  of  the  aseptic  metluKl — i,e, 
\ip  till  1872— he  left  the  wounds  quite  open.  During  the  first 
years  in  which  these  methods  of  treatment  were  carried  out, 
the  results  were  very  favounible,  and  Volkmann  was  thoroughly 
convinced  of  their  sujieriority  over  the  older  modes.  As  time 
went  on,  however,  and  as  overcrowding  of  the  wards  became 
necessary,  infective  diseases  also  progressively  increfised,  and  at 
last,  in  the  summer  and  autumn  of  1871,  the  deaths  from 
pyjvmia  and  septicaemia  were  t*o  numerous  that  he  made  ]ip 
his  mind  to  shut  up  the  hospital  altogether  for  a  time.  Before 
doing  so,  however,  he  th»>nght  that  he  would  try  the  Tjisterian 
inelhod  for  a  few  weeks,  and  it  is  to  the  result  of  this  triid  that 
I  now  wish  to  refer. 
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T  need  not  go  into  the  details  which  he  gives  as  to  the 
hygienic  conditions  of  the  hoH[}ital.  They  aeem  to  have  been 
very  A^nretched.  There  were  no  proper  airangements  for  venti- 
lation ;  waterclogets  oi>ened  into  the  wjirds  ;  there  was  no  place 
for  keeping  the  dead  bodies,  which  were  therefore  laid  in  a 
cellar  sitimtefl  bene^ith  the  Hurgical  wards,  and  the  wards  were 
full  of  \-HnU,  It  was  under  these  conditions  and  in  this  infected 
atmosphere  that  the  asej)tic  method  was  fifHt  employed. 

Volkmanii's  first  report  extends  from  December  1872  to 
Ki'hnuuy  1K74.'  This  was  the  jieriiwl  in  which  he  was  learning 
the  meth<x!,  and  I  shall  not,  therefore,  refer  at  length  to  his 
resultH  dnring  this  time.  Among  t  lie  cases  in  which  the  aseptic 
method  was  tried  there  was  one  death  from  jiyfemia  and  one 
from  erysiiielaa,  Erysii)ela8  att4Leked  eight  wo\inds  treated  on 
aseptic  princijiles.  There  were  other  caxes  of  infective  diBeases 
in  the  hos[>i(a!  during  this  time, hut  these  wen?  either  admitted 
while  snffering  from  them,  or  they  arose  in  c^we^  not  treated 
asepticaliy. 

This  reniarkahlr  nsult  was  obtained  in  a  hospital  which, 
at  the  commencement  of  this  period,  was  going  to  be  closed  on 
account  <>f  the  etuirmoiia  mortulily  fntm  these  disejises.  Surely 
hcn^  there  wa.s  smiu'  hciictit  derived  from  the  introduction  of 
the  aRef>tic  method !  And  it  must  be  noted  that  these  two 
deaths  from  infeetive  disease  <»ccurred  m  the  eiirly  |>erif>d  of 
aseptic  pniclice  and,  with  regard  to  fheni  and  the  erysipelai; 
cases,  Volkmann  states  that  he  could  generally  p<.»int  out  sn 
error  in  (he  nintiipulations,  as  a  rule^  in  the  mode  m  which  the 
dressing  was  aju^tlii'd.  In  a  note  written  in  1875  Volkmann 
states,  that  dtning  the  last  eighteen  months,'  i.e.  from  the 
midflle  t>f  December  lfi73,  there  hnd  lieen  no  case  of  pyiemia, 
ami  erysipelas  had  almost  or  iiltogethcr  disapjieared.  With 
regard  to  these  results  Volkmann  e.'qiressly  shows  that  they  were 
not  due  to  the  mere  use  of  carbolic  ucid  as  a  disinfectiint,  for 
carbolic  acid  had  been,  as  I  have  just  stated,  extensively  em- 

*  BMtriifffsyr  Chirntyir,  1875  :  •  Ueber  rten  AnliseptiBchen  Occlusiv  Vcrband 

und   ^einrn   KinHnsa  aiif  Hen    Heilungsproccss  dcr    Wtindrn  ; '     VolkmAnn** 
Samm/ttufft  No.  Itti,  1875. 

^  In  the  Appomlix  Vulkmann  nUtcs  lluit  this  lioMs  true  fnr  metasialic 
pynmia,  but  tbat  only  tifLucu  muutLs  had  claj.scd  sioce  Uu  hud  a  oaAc  of 
•ryacniin  Ainiplex.' 
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pU»yed  durmg   the  preceding  period   to  irrig:ite  wtuindi^,   hut. 
latterly  without  any  apparent  benefit. 

In  1877  Volkrnaun  published  the  continuntion  of  this 
report,*  and  I  will  refer  to  it  in  some  detail.  The  rep<irt  extends 
from  March  1874  to  March  1877,  a  period  of  three  years.  He 
does  not  give  all  the  aisea  treated,  hut,  omitting  the  septic 
capes,  there  is  a  record  of  465  operations  performed  with  aseptic 
precautions.     Of  these  cjuses  20  dietl. 

Among  these  465  opemtiouB  wero  157  aiuputatioiifi.  of  which  15 
died.  On  aiialyHiu);  Ihesf  cah^vs  of  uuiputHliuu  wu  find  tluit  130  uf 
them  were  uncomplicated  with  other  injury  or  nuitilHtion,  and  of 
these  only  4  died.  Thnx^  of  them*  de^tlliH  (HX'iirrotl  within  tlto  tii*st  24 
hours  from  sh(x:k,  and  I  from  *habiiuul  eiy.si[>el)ia.'  Omitting  from 
thi»  liht  7  [Nirtial  ampututiouB  of  thu  foot,  CliL-ri*  W(n-u  132  majui- 
amputatioiu,  with  4  detiths,  or,  leaving  out  the  cautes  of  nhock,  which 
were  of  course  iniiopendent  of  thy  nn'thod  of  treatment,  there  wore 
l:i9  mnjor  mnputations,  with  I  death. 

The  following  i»  the  liut  arranged  in  a  tabultu'  form  : — 
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•  Died  from  shock  ;  f  from  '  habitual  eryaipelus ' 


There  were  9  cases  of  double  aniputtilions,  with  'J  deatbi>i;  I  died 
within  a  few  houi-s,  and  1  dieil  on  the  thiitl  day  (ampuUitiou  through 
IxDth  thij^hn)  with  symptoms  of  collapse. 

There  were  aUo  G  umpulatiouH  in  nuses  where  othut  severe 
injuries  had  hwn  i-eceived.  Of  thetn;  4  died  within  il  houi-g.  TbeM.t 
were  all  very  bevuro  case.s,  as  for  example,  ampnUition  at  the  ^houlder- 

'  VivrfaMfttfrr  ftrrirhi  Uhrr  dif  ittnrrhatb  ///^  Ufztrn  dm  .hihre  in  thr  chi- 
rurgiM^hru  Klinilt  :»  Utilir  ttiUioiuir  otirr  pclikliHhrft  mif  Hiilfr  ti^r  AHtwjt' 
/ijtf'/tc'ii  Mithode  hehautlt'lteH  Bchicrrrn  Oj'tr/tiiniun  und  iehtccrtin  V'vr/it:itMtft'it^ 
hy  Vulknmnn  and  Kraakv.  Halle.  1877. 


RESULTS  OF  AXTISEPTIC  SURGERT. 


joiat  with  fracture  of  sternum  and  ribs ;  fructure  of  the  ftkall,  fracture 
of  ribei,  and  amputation  through  1)oth  thighs,  ifec.  One  case  died  on 
the  fourth  day,  niever  having  recovei*ed  from  the  state  of  collapse; 
liero  uuiputiition  through  the  thigh  had  ])©en  performed,  and  the 
pfitient  tiarl  also  HUHlained  a  Hovere  hrutHe  of  t)ie  abilomeu.  One  case 
ofampuf^ion  of  the  thigh,  along  with  a  aevei^  injui'y  to  the  hand, 
died  of  tetiinuH  on  the  14th  day. 

Laittly.  3  caseH  diinl  of  int«rcuri'eut  diseuM^ts.  These  were  h  caee  of 
amputation  through  tht^  leg,  whirh  dit^d  of  deliriuui  tremens;  an 
amputation  thruugh  the  femur,  from  pnutimonia,  on  the  ^Ist  day,  tiie 
wound  being  pructicsilly  haded;  and  a  itabo  of  amputation  through 
the  hnmeruH,  in  which  alwrlion  (_>ccun\'d,  followed  hy  the  pniient'fl 
death  fr<im  pucrjjeml  fever. 

Niiicty-ono  excisions  of  joints  were  performwl,  with  5  deaths : 
2  oxoinions  of  the  hip  died  from  shock;  1  excision  of  the  hip  &om 
hemorrhage  3;}  niuntlu*  after  the  operation  ;  1  exrision  of  the  hip  from 
thrombosis  of  the  iliac  vein  two  monthH  after  the  o|»eration  :  1  exci- 
mon  of  the  knee  from  tiilHjrculiir  meningitis.  Among  these  caara 
were  44  exciitions  of  the  hip,  wliich  i^covered.  Two  cases  died  fram 
intercurrent  diBoat^,  viz.t  1  excision  of  ankle-joint  from  delirium 
trcmcMH,  and  1  excision  of  the  shoulder-joint  from  phtiiisis  and 
hwninptysiH.  Thus  tliow  wci-o  in  all  93  crises  of  excision  of  joints 
with  7  ileaths. 

There  were  10  oporationa  fur  ununited  or  badly  tmitod  fraHuro 
without  a  death.  Al.so  50  ni.soR  of  osteotomy,  of  which  1,  a  patient 
atrcctc*!  witli  the  hemorrhagic  diathmis,  dieil  from  hnpninrrhage. 

There  woi*  45  caaeH  of  hydi-ocole  treat^I  by  iijHiiingtlie  hac,  stitch* 
ing  it  to  the  flkin  and  intmtlticing  a  drainage  tube.      No  bad  reault. 

There  wore  110  excisions  of  the  niauinui  in  1 10  [mtieuts.  Among 
these  were  75  ca^ea  in  wliich  the  fat  ami  glaud^  in  the  axilla  wor« 
also  removed.  Of  the  110  ca.st».s  6  ilic^I;  1  from  .shock,  1  fr^im 
anthrax,  which  Volkmann  thinks  must  have  l»een  intixKhiced  with 
the  cat-gut,  2  from  exhaustion  in  old  people,  2  from  erysi|»elas — in  1 
case  aiising  from  a  be<l-sore,  and  in  the  other  commencing  after  the 
ivntiscptic  dressings  had  been  left  off. 


Up  to  this  lime  A^)lkin:nin  had  Ivpaied  seventy-three  com- 
yK)iind  fractures  and  twenty-four  wounds  of  joints  conservatively 
wit  hunt  a  single  death. 

Adding  together  the  whole  results,  we  find  that  562  serious 
operations  and  injuries  were  treated,  with  twenty-nine  deaths, 
"fwt  mie  of  these  beinf/  due  to  infective  disease  arising  tinder  an 
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antiseptic  ilreAsiiu/.  Volkmann  further  states  that  not  a  sfngle 
case  of  jtyDeinia  or  septlciemia  occutred  among  patientd  treated 
aseptically  during  these  three  years.  Erysipeks  attacked 
three  or  four  of  the  cases  which  were  treated  on  aseptic  prin- 
ciples, ' 

Here  is  a  piece  of  evidence  which  cannot  be  overlooked. 
Into  an  infected  hospital  the  aseptic  method  was  introduced 
without  any  other  change  being  made  in  the  armugeuients  of 
the  hospital.  At  once  the  infective  diseases,  which  were  attack- 
ing almost  every  patient,  disappeared  in  the  cases  treated 
aseptically,  only  one  case  of  pyiuniia  and  about  twelve  of  ery- 
si[>ehis  occurring  during  more  than  four  years,  an<l  almost  all  of 
these  arising  at  the  very  cominenceinont  of  the  trml  when  as  yet 
the  suigeon  had  not  had  sufficient  experience  of  the  working 
of  the  method.  When  this  exjierience  was  obtainf*d,  these 
diseases  practically  entirely  disappeared.  In  estimating  these 
results  at  their  proper  value,  we  must  also  renienilter  tliat 
during  the  aseptic  [>eriod,  o|>erations  were  jierforraed  and  limbs 
pn*served  in  a  way  impossible  in  an  infected  atmosphere.  What 
would  have  bee!i  the  result  of  the  150  oj>erations  ou  b«)Ues,  orof 
the  hydrocele  coses,  or  of  the  wounds  of  joints,  or  of  the  eom- 
jjound  fractures  in  thf  former  infected  atmosphere,  if  they  had 
not  been  treated  ast-ptically  ?  What  would  their  result  have 
been  in  a  gcKxI  atmosphere,  such  as  8t,  IJartlmloinew'ti  hospital 
is  said  to  possess?  M'ouhl  there  have  been  no  infective  diseases 
therti  ? 

Similar  remarkable  facts  have  been  published  by  Professor 
Nussbaum  of  Munich,  who  eimmieuced  aseptic  trcutuietjt  two 
years  later  than  Prr>fesst.r  V%>lkn»aim.  The  *  Allgctneiues 
Kraukenhaus  '  at  Aluiiieh,  though  by  no  means  very  deficient  in 
sanitary  arrangements,  became  infected  with  septic  diseases,  so 
tliat  almost  every  case  of  oi»en  wound  tr»'ated  in  the  wards  was 
attacked  by  them.  Pyaemia  was  rife,  affecting  nearly  all  cases 
of  coHipouml  fracture  or  wounds  of  bones,  iiiiijnitalion  wounds, 
&c. ;  erysipelas  was  constantly  jiresent.  During  1872,  hospital 
gangrene  also  appeared,  and  steadily  spread  in  spite  of  all  the 
precautions  which  were  taken.  In  1872,  twenty-six  j)er  cent,  of 
all  the  wounds  were  attacked  with  hosj tit al  gangrene,  and  during 
1873  the  proportion  increased  to  fifty  and  ultimately  eighty  per 
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cent.  Ery8ii>elas,  too,  which  in  1872  was  comjmratively  mild, 
beaime  much  more  virulent  and  frequent.  All  tbis  occurred 
in  spite  of  the  use  of  antiseptics,  of  the  o]k?n  method,  &a:. 

In  an  address  delivered  in  1875,  at  the  end  of  the  academi- 
cal year,'  Professor  Nussbaum  raentionfl  these  factsand  describes 
also  the  rpstdts  which  followed  the  introduction  of  strict  aseptic 
treatment.  With  regard  to  his  former  results,  to  which  I  liave 
just  alluded,  he  says  tlint  he  had  employed  in  the  treatment  of 
wrmmls  the  ojien  ni<:'t hod,  various  forms  of  occlusion,  continuous 
water-i>aths^  tldorinc  water,  carbolic  acid,  sjdicylic  acid  in  pow- 
der and  solution,  Mr,  Listers  carbolic  ])apte,  and  even  the  cai^ 
}K)Hsed  ganzt*  dressings,  '  Allcs,  ;illcs/ says  he,  *warnieht  im 
Staude,  den  Hospital  brand,  die  Pyitmie  zubokiimiifen.*  With- 
out any  other  change,  strict  aseptic  trentinent  was  used  in  all 
jn)ssible  case?*,  and  then,  he  says,  at  once  they  experieneed  one 
suqjriae  aft*'r  aiinther:  everything  went  well;  there  was  no 
more  hospital  gangrene,  though  a  week  or  two  previously  eighty 
|>er  cent,  of  Hi*' wonnds  w*^re  suffering  from  it;  pyaemia  and 
erysipelas  were  only  observed  in  one  or  two  cases,  and  these 
difiap|K*ared  as  skill  in  the  use  of  the  method  was  acquired. 
Nussbaum  adds :  '  One  might  reply'  (to  these  facts),  *  pyaemia 
and  hospital  gangrene  are  diseases  which  often  suddenly  attack 
a  hospital  without  any  apparent  cause  and  often  also  suddenly 
disiippear.  But  think,  my  friends,  that  during  the  sixteen 
years  in  which  I  have  hail  charge  of  this  liospita!  pyiemia  has 
not  lieen  absent  a  single  month,  and  yot  it  suddenly  disappeared 
on  the  introduction  of  the  Listerian  nietlnxL" 

A  year  later,  Dr.  Jjindjiaintner,  Professor  Niissbaiun's  assis- 
tant, published  a  detailed  account  of  Nusslmuui's  practice  from 
April  1st,  1H7.5,  to  the  end  of  March  1876.*  I  sliall  not  enter 
at  length  into  these  results,  hut  there  are  some  points  to  wliich 
I  must  call  attention. 

During  tin's  period  there  were  459  operation  or  accidental 
wounds  under  treatment,  and  of  these  twenty-six  died.  The 
cases  were  not  all  tn:'ated  aseptically  as  will  be  evident  when  I 
consider  the  causes  of  death,  to  which  I  must  now  allude. 


'  Dif   Chirtnyiarkr  Klimh  rw  Miittrhrrt  im  Jahrr  ISTfi;  StnUg:*?!. 
Knke,  l»T5. 

»  DpuUehj"  J^tMchrifl  fur  Chintrgie. 
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Threfr  caaes  in  which  priEuary  autputAtton  wan  performed  died 
in  a  few  houra.  Other  oxtenaive  ii\junes  were  present  in  all  these 
inataitcea. 

One  patient,  tei.  79,  died  suddenly  of  cerebral  httnioiThage  31  days 
ftFt<}r  t^esection  of  the  ellvtw  joint. 

In  one  case  a  mnli^iant  tumour  of  the  ncalp  was  removed,  and 
the  disease  was  foui\d  to  have  perforate*!  the  skull.  RecuiTence 
rapidly  txx)k  place,  /ind  the  patient  died  with  symptomn  of  com- 
prtwsion. 

One  case  of  jifiinsliot  wound  of  the  skull  and  brain  went  on  well 
for  1 1  days,  and  then  died  suddenly.     Cause  unknown. 

A  liii-ge  al>»ceaa  of  the  mamma  connecte*!  with  caries  of  the  ril»H 
was  oj>onnd  asepticsilly,  :md  was  pi-ogi-essing  typically,  wlien  death 
occurred  suddenly  on  tlie  3rd  day.     Cause  unknown. 

OneL-useof  liirge  uhvr  of  the  leg,  which  hadhealiHl,  died  of  phthisis 
!ieaily  4  mouths  uft+^r  adntiaston. 

One  case  of  extensive  abscess  of  the  knee-joint,  which  was  incised 
aseptiudly,  dieil  of  phthisis  5  months  af\er  the  operation,  tlie  knee- 
diHojise  liavin^'  rtx-ovoi-oil,  and  the  wound  havinjj;  c^jniplrtely  lulled. 

One  cast'  of  extensive  suppnnition  in  tlio  jMirotid  rvgiou  died. 
There  wjus  constant  vouuttnj;,  and  on  [>ast-mortem  examination 
catarrhal  pncunmniii  was  found. 

A  very  weak,  unhealthy  Buhjwt.BuflToring  from  compound  fnictui-o, 
for  which  Hocondury  amputation  was  ]>erformed,  died  5  days  nftiT  the 
operation  frum  throiiilxieis  of  the  pulmonary  artoi*)'. 

One  case  of  excision  of  the  mamma  (nit.  7'2)  died,  and  on  post- 
moi-tem  examiujition  there  was  found  cancer  of  the  lungs,  capillaiy 
liiiMnorrhages  in  thn  stoumch,  and  cxtensivi^  aphthous  jmtehes  in  the 
iT^ophngus.  Death  was  sudden  after  the  existence  of  diflioulty  of 
hreathin^  for  a  few  hours. 

in  one  case  of  excision  of  the  mamma  peritonitis  set  in  on  llie  4th 
day,  tliough  up  to  that  time  the  patient  hail  lieen  doing  well.  The 
peritonitis  waa  found  to  proceed  from  a  cancerous  tumour  in  the  liver, 
which  was  breaking  down. 

One  case  of  excision  of  the  mamma  died  on  the  15th  day  from 
unilateral  pleuropneumonia  on  the  wime  aide. 

One  case  of  large  abscess  in  the  neck  died  of  *  lilirinous  peri- 
carditis '  38  days  after  the  abscess  was  opened,  and  after  it  had 
healed. 

One  case  of  ovariotomy,  in  which  there  had  formerly  \teexi  peri- 
tonitis, and  where  extensive  adhesions  wore  presentat  the  time  of  the 
operation,  died  of  perilouitin. 
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One  case  of  conipounci  frtiCUu-e  of  the  leg,  which  was  doing  well, 
died  of  m^ocaixiitis  ou  the  25th  day. 

One  case  of  resection  of  the  elbow-joiut  died  of  uKlema  of  the 
lungH  and  fatty  embolism  nn  the  1  lUi  day. 

One  case  of  compound  fmcturo  of  tiie  femur  in  which  the  hanet 
Wfis  very  extensively  coinmiiiuted  and  tlie  knee-joint  opened,  di*v1  of 
Bepticajmia. 

The  remainder  of  the  fatal  cases  occunxsd  in  j»atient«  not  trt^ited 
fisGjitically,   and   wei-e   duo   to    scpticaimia,    Grysi[»elas,   puenmonii 
pya*mia,  phthisis,  peritonitis,  and  ahock. 

1  have  thought  it  well  to  mention  all  the  causes  of  death, 
and  now  I  sliall  auiumarise  what  T>r.  Lindpaintner  says  as  to 
septic  diseases, 

ErysiiHiliis  occurred  six  times  during  that  year,  but  not  in 
any  case  whicli  was  being  treated  ase])tically.  It  occurred  in 
four  cases  of  septic  wounds,  in  one  case  after  the  Listorian 
dressings  hjul  been  left  ofi',  and  in  one  aa^^  of  excision  of  the 
inauinia  treated  aseptically  but  spreading  from  an  inBainmatioD 
in  the  neck  and  never  extending  under  the  dressing, 

Tliere  was  no  case  of  hoKpitai  gangrene. 

There  were  three  eases  of  septicoemia — one  after  a  septic 
o]ieration  (excision  of  the  hip),  one  ease  adniitied  with  septic- 
a-niiii,  and  one  ease  of  eonipomic!  fraeture  in  which  an  unsuc- 
cessful attempt  was  made  to  eradicate  the  causes  of  putrefaction 
(alluded  to  above). 

There  were  three  cases  of  pyemia — one  occumng  after  a 
putrid  wound  in  the  thigh,  one  in  a  case  with  putrid  sinuses 
nesir  the  elhow-juint,  in  whieli  nn  nperation  was  performed,  and 
one  aft <M'  tUlatatiim  of  a  strirUire  of  the  mvtlira  wliitli  Lad 
followed  a  [irevious  amputation  of  the  penis. 

There  was  thus  only  on^  case  of  infective  disease  among 
the  eases  treated  ase]>tipally — the  case  of  bad  compound  frac- 
ture of  the  ft'iiiiir.  Here^  of  course,  the  surgeon  had  not  to  deal 
with  a  wotmd  made  by  himself,  but  witli  one  made  without 
n8ei>lic  precautions,  and  it  is  of  course  always  a  matter  of  un- 
certiiinty  in  such  instances  wliether  the  wound  can  be  after- 
wards rendered  aseptic  or  not.  The  case  of  peritonitis  after 
ovariotomy  and  the  cases  of  pericarditis  and  mytx^arditis  might 
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no  doubt  be  aMribut^d  to  failure  in  the  method.     Whether  or 
not  they  were  due  to  such  a  cause,  I  do  not  know. 

This  sucoeas  in  the  exchision  of  traumatic  infective  disease 
has  continued  up  to  the  present  time  in  the  cases  treated  asep- 
tically,  and  in  a  publication  of  Professor  Nussbaum's  in  1878, 
entitled  *  Sonst  und  Jetzt,*  he  states  that  there  had  been  no 
further  instance  of  these  diseases.  It  may  be  interesting  to 
see  what  he  says : — 

.Formerly.  Now. 

'  Injuries  of  the  head,  comjxiund  fractures,  am- 
putations and  excisions,  in  fai-t,  almost  all  patients 
in  whom  boncti  wtre  injured  were  a1  lacked  by 
pyspinia.  For  example,  of  17  cases  of  amputation 
11  dinl  fn»m  this  cause.  Even  |)atients  with 
severe  whitlow  died  of  it,         .         .         .  .        No  pyff>mia. 

*  HoH])ital  gangrene  had  got  the  upper  hand  to 
such  an  extent,  that  in  spite  of  the  open  iiR'ttuKl, 
in  .spite  of  continuous  water-l)aths,  in  spile  of  the 
Uflp  of  chlorine  water  or  the  actual  cautery,  finally 
80  |K*r  cent,  of  all  wounds  and  ulcers  were  attacked, 

iaige  arteries  being  ojwned  into.         .         .         .      No  hospital 

gangrene. 

*  Almost  evt^ry  wound  was  attacked  with  erysi- 
pelas.        ■         •*,...•      No     erysi- 
pelas.' 

Still  later,  in  the  last  edition  of  his  work  on  antiseptie 
f^urgery*  pulilinhed  in  1880,  the  same  Hlatejiient  is  reiterated 
and  NuHsbauni  now  sayn,  that  since  the  inlrcKluctiiiu  ni'  the 
aseptic  method  there  has  been  no  instance  of  ]>ya^mia,  hospital 
gangrene  or  erysipcla.s  among  the  jwitifuts  treated  in  that  way. 
And  yet,  he  adds,  no  other  cliangc  has  been  made  ;  '  the  wards, 
the  furniture,  the  nursing  of  the  patients  and  their  number 
remain  the  same,' 

Indeed,  in  summing  up  his  five  years'  experience  he  goes  so 
far  as  to  say  that  'any  recent  wound,  treated  by  this  method,  is 
guaranteed  against  pyaemia,  hospital  gangrene,  erysiiw'las,  pro- 
gressive suppuration,  and  in  general  against  all  accideulal  com- 
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plications.'  And  further:  'Tbe  fate  uf  a  ]>atient  seriouslv 
wounded  is  almost  entirely  in  the  hands  of  the  8urgt»oa  who 
applies  the  first  dressing/  Such  is  Nusshiuni's  experience  aft^r 
using  this  method  for  five  years  in  a  hospital  in  which  infective 
diseases  were  very  prevalent^ 

These  facts  cannot  be  overkx»ked,  and  are  of  the  very  greatest 
value — of  much  more  value  than  any  number  of  n'Ru]fs  in 
healthy  hospitals.  For  here  we  have  an  immediat'ealx>lition  of 
tnuiiiialic  infective  diseases,  only  one  case  occurring  in  five 
years,  and  that  after  a  wound  not  made  by  the  surgeon  ;  there 
was  thus  not  merely  a  great  diminution  in  the  frequency  of 
these  diaeaaes  but  absolute  cessation.  These  facts,  when 
surgeons  in  this  country  have  deigned  to  notice  them,  have 
been  attributed  to  increased  cleanliness  alone,  the  result  of  the 
introduction  of  strict  aseptic  precautions.  It  is  asserted,  and 
the  assertion  no  doubt  holds  good  in  many  places,  that  dirty  ^ 
sponges,  dirty  instruments,  Ac,  were  used  in  dressing  the  H 
various  ciises,  and  that  no  care  was  taken  to  cleanse  the  instru-  ' 
nienl^  after  their  use,  nor  to  keep  apart  those  employed  in  had 
cascB,  I  venture,  however,  to  affirm  that  these  objections  do 
not  apply  to  the  j)nicticc  of  such  men  as  I5anlcleben,  Esmarch, 
Hueter,  Nussbaum,  Volkmann,  and  many  others  whom  I  might 
mention — men  who  are  at  the  head  of  the  surgical  profession, 
and  who  owe  their  high  reputation  to  their  thorough  knowledge 
of  physiology  and  pathology-  In  Professor  >iuHsbaum*scaiie  this 
objection  cannot  be  tij^held  for  one  moment,  for  he  had  charge 
of  two  hospitals,  one  in  the  country  placed  under  good  hy- 
gienic conditions,  and  the  other  in  town  not  so  well  sitiuited  in 
these  respects.  The  same  surgeons  and  the  same  metlnMls  of 
dressing  and  nursing  were  employed  in  the  one  institutiou  as 
in  tlie  other,  and  yet  the  country  hospital  remained  healthy, 
while  the  one  in  town  became  infected.  Surely  the  same  un- 
cleanliness  would  have  told,  at  least  to  some  extent,  in  the 
country  as  in  the  town.  Kut  further  it  must  lie  remembered 
that  the  result  of  the  use  of  the  aseptic  system  was  not  merely 
the  diminutiojiy  but  the  ahoUtityii^  of  these  infective  diseases. 
Now  cleanliness,  as  advocated  by  ^^^^  Savory— and  I  shall  refer 
to  this  matter  again-  -does  not  result  in  the  nbolitimi,  but  merely 
in  the  diminution  of  these  affection«,  and  I  do  not  allow  that 
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the  resuhs  which  Mr,  Snvory  gives  were  solely  due  to  cJcan- 
liness  as  distinguished  from  aseiiticiBm. 

Tht-n,  again,  these  diseases  disappeared  at  oiK^e^  for  Niiss- 
Imnni  tells  us  that /row  the  duy  when  he  began  tliin  treatment 
thoroughly,  these  diseaiies  never  attacked  any  of  the  cases  »o 
treat(sh  What  an  fxtraonlinary  amount  of  cleanliness  would 
he  n^qnired  to  effec»t  this!  But  indeed  we  are  told  that  clean- 
liness alone  had  not  heen  able  to  abolish  these  diseases,  even 
after  sn^n'ol  years'  practice  of  ?V,  for  NusHhauin  sisys  in  ls78,' 
that  even  then  a  tracheotomy  or  otlu-r  woniul  wliicli  could  not 
be  treated  aseptically  was  liable  to  be  attacked  by  erysipelas  of 
as  severe  a  type  as  fnnnerl}'.  Anil,  further,  Xusshaum  liael  lii*en 
practising  cleanliness  before  the  introduction  of  the  aseptic 
method;  for  many  of  the  wounds  were  irrigated  with  anti- 
septiLS,  such  a8  carlxilic  acid,i^e.,  without  any  aj)[>areut  benefit. 
tJlleanlines«  is,  no  doubt,  a  most  excellent  thing  in  its  own 
place,  but  its  power  as  a  preventive  of  infective  diiaeafie  in  an 
Iuft*ctiHl  afniosphere  is  very  limited  indeed. 

Ami  lastly,  it  cannot  be  said  that  Nussbaum  does  not  now 
diagnose  as  infective  disease  eaaes  which  he  would  fonneriy 
have  classified  under  tli.if  lieading,  for  ])08t-inorten»  examina- 
tions are  made  on  xdl  the  fatal  cases  by  Professor  von  Huhl, 
quit^  independently  of  Professor  Nussbaum,  and  thus  any  such 
error  would  be  corrected,  Nussbaum  remarks  in  a  note  to 
Mr.  MacCormac  ('Antiseptic  Surgery'),  'the  mortality  is 
reduced  to  one  half,  and  tlie  only  cases  brought  to  the 
jxisftmortem  room  are  those  (tf  death  b}'  suicide,  from  severe 
inechanicxil  injury,  in  old  j>eople^  or  from  cancer  and  tubercle,' 

Socin  of  Hasle  uses  language  very  similar  to  that  of  Nuss- 
bnuin  with  regard  to  the  m-currence  of  infective  diseases.  He 
has  also  observed  their  complete  disappeanmee  under  aseptic 
treatment,  and  as  the  result  of  his  experience,  he  says  that, 
'  Every  case  of  imputation  wliich  dies  of  pyremia  or  of  erysipelas 
is  a  victim  of  ignorance,  of  want  of  skill  or  of  negligence  on 
the  part-  of  the  surgeon.* 

Saxtorph  of  Copenhagen  has  had  an  experience  similar  to 
that  of  Volkmann  and  Nussbaum.  His  results  nre  quoted  at 
considerable  length  in  Lucas  Championniere*s  *  Chirurgie  Anti- 

'  Sonst  nnit  Jrtzt. 
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spptique,*  to  whicli  I  must  refer  the  reader.  I  may,  however, 
just  mention  the  following  facts. 

Before  1873  Saxforph  had  performed  15  escisiony  of  joint*, 
of  which  9,  or  60  per  cent,,  died.  These  wounds  were  treated 
in  the  ordinary  manner.  He  then  introduced  aseptic  pre- 
cautions, but  they  were  very  imperfectly  carried  out.  During 
this  period  (between  1873  and  1877),  he  jjerformed  76  ex- 
cisions of  joints  with  32  deaths,  or  a  mortality  of  42  ]>er  cent. 
The  method  was  then  carried  out  more  efficiently,  and  since 
1877,  34  exciHions  of  joints  (iueluJiug  15  of  tiie  hip  and  12  of 
the  knee),  have  been  performed  with  5  deaths,  or  u  mortality  of 
17  jier  cent.  Indeed,  Piofesaor  Saxtorph  nays  that  since  he  has 
carried  out  the  methixl  with  absolute  strictness,  according  to 
Air.  Lister's  directions,  he  has  jierformed  24  major  exci.<4ioQ9 
with  1  death  (from  tetanus),  or  a  mortality  of  4*3  per  cent. 
This  result  has  also  been  ubtaine<l  iu  u  luid  hospital  where 
infective  diseases  were  common.  The  increased  success,  no 
cording  as  more  etlicienl  |ireeautions  were  taken  to  exclude 
the  causes  of  putrefaelion,  is  very  interesting  and  important, 

Another  strong  advocate  of  the  aseptic  nii'thod  is  Professor 
Esmarch  of  Kiel.  In  1875,  he  introduced  the  method  into  hid 
wardn,  whith  had  previously  been  capeciuUy  liable  to  attacks  of 
erysipelas.  The  report  of  llie  lirst  year  in  which  Esmarch  em- 
ployed this  method  is  published  by  Waitz  in  *  Langenbeck's 
Archiv  '  for  1877,  imd  he  states  that  5 3(J  operation  cases  were 
under  treatment  during  that  ytar,  aud  of  those  treated  aseplic- 
ally  only  four  were  attacked  by  erysipelas  (one  of  these  eases 
died).  Two  patients  who  were  treated  asepticidly  died  with- 
out any  de.tinite  syniptcun  except  tlie  jiresence  of  a  continuous 
high  temperature — septiciemia  (?).  Two  cases  died  of  py^emiii, 
but  neither  of  these  tell  against  the  method  ;  one  was  n  case  of 
acute  necrosis  where  an  absteris  was  opened,  I)nt  where,  never- 
theless, pysemia  carried  off  the  patient;  the  other  was  a  case 
of  herniotomy,  in  which  the  gul  wus  fnund  to  he  gangrenous. 

These  results  were  very  g'-Kxl  for  the  first  year  of  aseptic 

work,  but  as  Esmarch  and  his  assistants  gained  experience,  the 

cases  of  infective  disense  became  fewer  and  fewer.     His  re] tort 

for   1878  is  alluded   to  by  Mr.  MacConnac,'  who   stales   that 

*  AntUcftic  Surgery. 
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Rsmarch  had  duriu^  that  year  treated  524  cases  with  2ode4ith8. 
These  cases  include  forty  arnpuUitions,  27  major  resections,  80 
cases  of  removal  of  tumours,  &c.  Mr.  MacCormac  gives  a  list 
of  the  causes  of  death,  and  among  them  were  two  from  septic- 
semia  after  excision  of  the  mamma,  presumably  performed 
aseptically,  though  that  is  not  expressly  stated;  no  facts  are 
given  with  regard  to  them.  One  case  of  ovariotomy  rlied  from 
peritonitis.  In  this,  as  in  many  other  reports,  no  separation 
is  made  between  cases  dressed  aseptically  and  those  treated  by 
other  met  hodi*. 

Mr.  MaeCormac  states  that  Professor  Esmarch  informs  him 
that  hJH  next  triennial  repiu't  will  show  better  residts.  A  part 
of  this  reiMjrt  is  already  furnished  by  Dr.  Neuber,  in  his  laet 
communication  on  absorbable  drainage  tubes  and  permanent 
dressings,' 

Between  the  end  of  April  and  tho  beginning  of  October,  lft79,  all 
the  rasefi  treated  a«eptically  were  dresswl  in  this  way.  These  were 
131  in  number,  ci:im|iriaing  f)  amputationn  of  the  thigh,  7  amputations 
of  the  Ifig,  1  at  the  knee-joint,  1  through  the  hinneruK,  and  I  through 
the  foi-c-arm  ;  2  excisions  of  the  knee-joint ;  4  excisions  of  the 
tnaniDiH  Hnd  HxillKi-y  glands ;  6  excisions  of  the  mamiua  nione ;  16 
excisions  of  lai-^  lympbalic  glandular  tumours  from  the  neck  varying 
from  1  to  2  fists  in  size;  10  yxri-sions  of  other  tmuoiirs,  Ac.  During 
this  [teriod  3  jwitieaU  trealed  Hseptically  cliwl,  viz.,  one  ctu^e  of  ex- 
cision of  the  hip  from  shock  :  one  auie  of  removal  of  carcinoma  from 
the  ear  of  a  patient  (nt.  70),  in  which  thei-e  were  secondtuy  affections 
of  the  ghunU  ill  the  neck,  <tc.,  fr^mi  Inpobtatic  pneumonia;  and  one 
pMiient,  who  wiis  KulTeriug  fi'oui  Bepiicicmia  tn^fore  his  tbi^h  waa 
amputated,  and  who  afterwards  died  of  that  diji«a8e  (not  a  case  in 
point). 

During  the  next  3  months  60  adthtional  cases  were  treated  in  this 
way  without  a  death.  These  coniprisod  ampul-ntiouw,  i-eseiitionH, 
compound  fiactures,  removal  of  tumours,  itc.  Thus  during  these  8 
months  191  cases  were  treated  aseptically  with  3  deaths,  hut  in  no 
instance  did  infective  disease  arise  after  the  o|)enilion.' 


'  I'ebfT  din  Verditdrrunfft'ii  ^rcilriuirtrr  Knoeh^nrohreH  in  Weh^tkritth 
jruntftfH,  ^'/*.\   I^angonhcck's  y|rrA*r,  M.  xxv. 

'  At  the  International  Mediail  CungrcsH  of  this  year.  Prof.  K'vDiarch 
brought  forwarrl  still  more  recent  »lati»tica.  Tiio  cajKH*  were  treated  by 
Xcuber'fi  method  of  pomuuiuut  dnMsings,  the  antiseptic  ohiotiy  employed  in 
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Perhaps  the  earliest  in  Germany  to  take  up  aseptieism  was 
Professor  Hueter  of  Greifswald,  and  he  still  looks  on  it  as  the 
best  method  and  the  '  greatest  advance  of  modem  surgery.'  He 
uses  salicylic  jute  instead  of  carbolised  gauze,  not  because  be 
believes  it  to  be  better,  but  because  it  is  cheaj^r. 

Professor  Cxerny  of  Freiburg  also  added  his  evidence  in 
1876.'  The  number  of  cases  to  which  he  alluded  was  not 
great,  but  in  his  address  at  the  end  of  the  summer  session, 
1876,  he  stilted  that  he  had  been  unable  t^  show  his  class  a 
single  caao  of  pyivmia,  hospital  gangrene,  or  septioa?mia  diiring 
the  whole  year,  lie  luul  two  cases  uf  erysipelas,  ime  of  these 
occurring  aft4»r  sequestrotomy  and  nttempte.<l  purification  of  the 
sinuses  with  chloride  of  zinc,  (This  was  not  a  case  operated 
on  from  the  first  aseptically.) 

Czerny  says  that  in  former  years,  with  the  exception  of 
1875,  during  which  aseptic  treatment  had  also  been  employed, 
he  had  tilways  had  a  considenible  number  c)f  cases  of  infeeiive 
disease  in  the  wards.  The  abolition  of  these  diseases  could 
not,  he  says,  be  due  to  anything  in  (he  arrangement  or  service 
of  the  wards,  for  these  remained  unaltered.  They  wore  as 
full  as  formerly,  as  imjierfectly  ventilated,  and  the  watcrclo^et 
arrangements  were  unaltered.  A  greater  number  of  p;itient6 
were  treate(^l.  The  results  hiui  steiwiily  improved  with  in- 
creased care  in  carrying  out  all  the  details;  and  his  belief  is 
that  'the  favourable  results  which  have  followcil  the  intro- 
duction of  this  niethtxi  are  to  be  ascrilvd  Jo  the  accuracy 
with  which  Mr.  Lister*fi  directions  have  been  followed.' 

In  France  this  method   was  first   taken  up   by  Dr.    Lucas 
Chainpi^ituiiere,  whose  text-book  and  oWwr  writings"  on    the 

Ibo  drofisinga  having  been  Icwlofctrra.  They  biul  recently  ircated  3j>8  ca^es  of 
major  o[>onUionM  and  injury  with  0  doathn.  There  was  no  iiwtance  uf  in- 
fective di»eA8t>s.  Tho  cjiscs  wore  Ufi  excision*  of  large  tumoum,  inchirlini^  |0 
excisions  of  the  maiuum  ami  axillary  plamU  ami  U  ctuitmtinns  with  three 
df  Btbs—  1  from  pericarditis  and  old  sjT>hilis,  1  fmm  npoplciy.  and  l  froin 
fatty  heart ;  61  reseclioDfl  ;  61  major  amputation^*  ( 18  of  thigh,  27  of  leg,  5  of 
arm.  1  of  forearm),  with  2  deaths— 1  frota  shock  aud  haemorrhage,  and  I  from 
delirinm  tremens;  11  cxarticiihitions  2(i  necrolomtcft;  13  nerve  stretchings 
including  one  for  (etanu-4,  which  was  fatal;  8  beiniutomie*; ;  21  f^hronie 
alMtceft^s;  12  large  wound*;  411  comixmnd  fMclure*. 

'  Berlin,  Klin.  WiU-lunsvhrijy,  I87«,  No.  4:(. 

*  Chirnrtjie  AniiiftjiNQHf. 
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subject,  are  now  so  well  known.  He  also  finds  that  pyjemia, 
septicaemia,  and  hospital  gangrene  disajipear  when  aseptic 
treatment  is  emplfijed.  He  has  at  times  objjerved  erysij>ela"i 
under  tliis  dressing,  but  the  disease  was  very  rarely  present  and 
of  a  very  mild  tyi)e. 

Afl  the  result  of  the  writings  of  Lucas  Championiiiere, 
sevend  French  surgeons  have  introduced  this  method^  but  it 
has  not  as  yet  taken  the  same  hold  in  PVance  that  it  has  in 
Germany.  Those,  however,  who  have  lined  it  pro[>erly  make 
the  wime  statements  as  to  complete  disapi>e!U"ince  of  infective 
disease.  Among  those  who  have  employed  this  treatment  and 
who  have  got  these  results  may  be  mentioned  M-  Gross  of 
Nancy,  who  has  written  a  text-b<xik  on  the  subject. 

M.  Letievant,  of  Lyons,  Is  also  an  enthusiastic  supp<]rt£r  of 
this  system.'  He  introdueed  it  into  his  wards  dunnsr  the 
summer  of  1875,  and  from  that  time  pyremia  disiippeared  and 
the  mortality  after  operations  and  wounds  greatly  dimiuihhed. 
HiH  stntetne^nts  with  regard  tt)  infective  disejise  arc  :  *  Purulent 
infection  has  disappeared.  Hospital  gtmgrene  has  disappeaied, 
Erysipeliis  is  much  nirer  and  less  severe,' 

Professor  Pimji^  '^  also  found  that  during  a  virulent  epidemic, 
those  of  his  patients  at  the  liiuiboisi^re  who  were  treated 
asepticHlly  e8eai>ed  erysij)elas  and  other  septic  diseases. 

Returning  to  (rermany,  there  still  remain  two  pieces  of 
stjitistics  to  which  I  must  refer. 

The  first  is  Schede's  comparative  statement  of  the  results 
of  amputations  treated  aseptic;dly  and  of  those  treated  in  other 
ways,^  The  aseptic  cases  were  under  the  care  of  Buschj.Schede, 
Socin  and  Volkmann.  The  cases  nob  treateil  aseplically  were 
furnished  by  Hrunn,  RardHJchen  and  Hillrt>th. 

The  most  imiKfrtant  tables  give  the  re.sult  of  imL'ojM[)licated 
amputations  performed  aseptically,  contrasted  with  those 
treated  by  other  methtnls. 

Uncomplicated  amputations  treated  aseptically: — 

yift^  Mur  le  paiueatent  antituptiqtte  Ugtirien.  a  C Hotel' Di^H  de  Zj^i*, 
1S80. 

*  (lazrttr  JK'htioinadturt',  IS7S. 

*  AmpHtatumrn  nii4  ItfivtHitmfn.      HandbMch  ilt^r  ailgrmiiur  und  tj^cirlU- 
Ckirurffia,  Pilh«  und  Billrolli, 
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At  shouUler- joint 

Through  humerua 
„       fore-arm 

At  wriBt-joint    . 

„  hip-joint 

Thronjjh  thigh  . 

At  knco-joint    . 

Thronjrh  le^ 

Pari  irtl  nraputatinns  of  fool  (inclnding  9  Syme's"] 
ampQiatioDB,  36  PimgofTV.  15  CHiopart'H,  1  .* 
Lisfranc,  i  of  metatarsal  boneaj  J 


9 

1 

32 



47 

__ 

4 



6 

4 

86 

6» 

3 



69 

It 

65 

25 

Tolal      .        ,        .      321  14 

A  mortality  of  4-4  p.  c. 

*  One  of  these  deaths  wan  due  to  aoptica^miu;  f  from 'habitual  erysipelas  i 
§  one  from  *py»mia  simplex/ 

Uncomplicated  amputations  treated  by  the  older  methods 


At  Bhonldor-joinb 

Through  humerus 

„         forc-arrn       ...... 

At  wrist' joint 

.»  hip-joint 

ThroujHi  thiRh 

„        kaec-joiut 

»»         I»*K 

Partial  of  foot  (8  Syme's  ampntaLion.s,  13 
Pirof^offV,  5  Mal^ignc's.  i)  Cliopart/s, 
1  Lisfraac,  3  nf  metatarsai  b<.mtw 


OUM 

DmUk 

IS 

»• 

41 

fit 

42 

2 

10 



3 

n 

lOS 

43| 

7 

M 

115 

as^ 

39 


10« 


Total    ...         377  |10 

A  mortality  of  2918  p.  c. 

•t  AH  from  infective  disease;  %  one  from  pyaemia;  §  fhirty-cighl 
infevlive  disease;  H  from  pyajmiM.;  ^  thirty-seven  from  infcctiire  di 
**  nine  from  inCoctive  disease. 


Other  tables  are  given  RtHting  the  results  of  double  lunpu- 
tationBj  of  amputations  with  other  severe   iiijurien,  of  nmput 
tions  in  existing  wcpfic^pmia,  pyoemia  or  tetnnu.s  and  of  deatl 
from  iniercuiTent  diseases  quite  unconnected  with  the  operatioi 
I  need  not,  however,  go  int^  these,  wa  they  would  only  obsci 
the  ]>oint  at  issue. 

Schede  tabulatea  the  causes  of  death  in  the  two  precedii 
tables  a«  fallows : — 
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In  tile  wrpilo      In  ibe  owptlo 

Pyaemia               72  0 

Septicaemia 19  1 

ErysipcUui          .......  i  1 

Trismus 0  1 

ryiuniia  simplex H  1 

Hemorrhaffe 3  1 

Ex}uiustioii .  2  1 

Shock 6  g 

ToUl         ....       110  M 

Thus,  as  Schede  truly  remarks,  if  the  <leaths  from  infective 
diseases  were  removed  from  the  list  uf  septic  easea,  the  deatli- 
rate  in  each  would  be  almost  the  same — about  5  per  cent,  for 
the  septic  cases,  as  against  4-4  per  cent,  for  the  aseptic.  In 
other  words,  the  aseptic  methinl  saved  tfuH  enormous  pro])or- 
tion  of  lives  in  the  main  by  preventing  infective  disease. 

The  last  paper  (o  which  I  shall  refer  is  Kcyher's  account  of 
his  results  duriug  the  Russo-Turkish  war.*  As  I  intend  to 
discuss  these  results  later  I  shall  just  mention  the  numbers 
here. 

Eighty-one  cases  were  treated  aseptically  as  60on  as  \niK- 
sible  after  the  injury,  and  of  these  15  or  18'6  percent,  dii-d. 
Among  these  cases  were  27  gunshot  woundn  of  joints  tre;ited 
conservatively  throughout  with  4  deaths;  li>  jiriinary  resec- 
tions in  eases  of  gunshot  wounds  of  joints  with  2  deaths;  13 
primary  amputations  with  5  deaths;  ami  22  eomiionnd  frac- 
tures with  4  deaths.  Of  the  15  deaths*,  5  were  due  to  septic 
di^eiises  (2  to  py&emia,  and  3  to  septic  inflammation  and  sup- 
puration). With  regarfl  to  the  deaths  from  sejitic  diseases  in 
these  caaey,  we  must  remember  that  here  the  Burgeon  had  not 
to  deal  with  an  operation  performed  by  himself,  in  which  the 
prohleni  }ti  in  keep  out  the  causes  of  putreHiction,  for  here  the 
causes  were  in  many  instances  already  present.  The  deaths 
occurred  in  cases  where  these  causes  were  present  and  were 
not  destroyed  because  portions  of  clothing,  &c.,  were  present  in 
recesses  of  the  wounds. 

Contrasted  with  this  were  65  comiX)und  huctures  and  78 

'  VoIkroann'H  Saotmlunff,  Nntt.  \i2  and  113;  IHt  aHti$ejfti$chts  WutuHwhand' 
/uHfftHder  £riegsckinayiey  1878. 
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wounds  of  joint*,  in  all  143  ojiBes,  which  did  not  come  under 
treatment  for  some  time,  and  in  which  the  generally  unsuc- 
cosaful  attempt  at  purification  w!is  made.  A\Tiere  these  at- 
tempts are  unsuccessful  the  treatment  resolves  it»elf  into 
treatment  with  antiseptics.  Of  these  143  cases  treated  with 
antiseptics,  71  or  49'6  per  cent,  had  already  died  when  the 
first  j>;irt  of  the  report  was  issued,  and  2  more  <Jied  subseqnently. 
Of  these  at  leaist  46  cases  died  of  septic  diseaws. 

Then  contrasted  with  both  these  sets  of  cases  there  were 
treated  alongside  of  them  62  wounds  of  joints,  in  which  uo 
attempt  was  made  to  render  the  woimds  aseptic,  or  even  to 
treat  them  with  antiseptics.  Of  these,  48  or  77*4  per  cent, 
had  died  when  Reyher  wrote,  and  amputation  or  resection  had 
been  found  necessary  in  most  instances.  ; 

I^astly,  I  would  allude  to  the  results  obtained  in  ovariotomy 
by  the  leading  ovariotomists  of  this  countrj*.  Mr.  Sjjencer 
Wells  and  Dr.  Keith  had  for  years  striven  to  carry  out  perfect 
cleanliness  and  either  antiseptic  precautions  short  of  complete 
exclusion  of  organismt*  from  wounds,  and  the  results  of  both 
were  very  remarkable  indeed.  And  yetj  since  they  have  ex-  ■ 
tended  their  precautions  so  as  to  exclude  the  causes  of  fermen-  ^ 
tiition,  their  results  have  still  further  improved,  and  they 
themselves — and  they  are  the  best  judges — attribute  this  last 
improvement  solely  to  the  additional  antiseptic  precautions 
employed, 

Mr.  Knowsley  Thoniton,  in  his  speech  at  the  debate  on 
antiseptic  surgery  in  December,  IR70,'  gjwe  an  analysis  of 
more  than  300  cases  of  fatal  ovariotomy,  and  slated  that  in 
more  than  one-third  of  the  cases  septicjemia,  ]>ysemia  or  tteptic 
peritonitis  were  given  as  the  cause  of  death,  and  in  nearly 
another  one-third  the  fatal  result  was  attributed  to  peritonitis. 
Mr.  Thornton  ])ointed  out  further  that  the  cases  of  peritonitis 
were  almost  f-ntirely  due  to  septic  causes,  and  thus,  a^i  he 
states,  two-thinls  of  the  deaths  after  ovariotomy  were  due 
to  septic  influences,  and  therefore,  if  these  influences  can  be 
eliminated  by  aseptic  surgery,  the  result^i  ought  t(^  improve 
to  a  corresponding  extent.  And  he  strifes  that  this  has  l>een  his 
experience,  and  that  the  introduction  of  strict  aseptic  precau- 
*  MacCnrznac't  AntiMt^ifl  Sttnjery. 
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tiona  has  reducetl  his  mortality  by  half,  and  it  would  have  l'»een 
still  lesB  had  not  putre£[iction  been  present  in  some  of  the 
cases  before  he  operated,  owing  to  jirevious  tapping  of  cysts 
by  other  Hiirgeons  without  aseptic  precautions. 

Mr.  Spencer  Wells,  at  the  same  meeting,  spoke  very 
strongly  in  favour  of  aseptic  treatment,  and  gave  the  result  of 
the  la^it  168  caseK  which  he  hml  treated  iu  private  practice. 
The  first  84  htid  been  treated  by  his  former  methods,  but  yet, 
he  says,  *  with  ;ill  the  care  I  could  give  to  them  there  were  21 
deaths.'  On  the  otht-r  hand,  the  last  84  were  treated  aaep- 
tically,  and  of  these  only  6  died,  and  these  deaths  occuired 
among  the  earlier  cases  while  he  was  only  as  yet  making 
acquaintance  with  the  details  of  the  methrxl ;  and  so  'as  I 
went  on  and  became  still  more  accustomed  to  the  method  and 
details  nf  antiseptic  treatment,  and  avoided  Toistakes,  then  I 
obtained  the  long  run  of  38  cases  without  a  single  donth  ;  and, 
adding  to  that  the  5  more  of  other  important  alxh>Tiiinal  opera- 
tions, I  can  record  the  gratifying  and  idmost  incredible  rei*ult 
nf  43  cases  of  these  great  operations  without  a  death,'  In  a 
foot-note  he  adds ;  '  The  nm  of  38  cases  of  successful  ovari- 
otomy was  afterwards  inerease4i  to  41,  and  then  a  death 
occurred  where  septic  symjitoms  had  set  in  before  operation.' 

Dr,  Thomas  Keith,  who  had  adopted  the  aseptic  method 
somewhat  earlier,  and  who  had  previously  been  getting  the 
hvA  results  of  the  day,  states'  that  his  last  7(5  ctiises  were  per- 
formed aaeptically  with  only  2  deaths,  and  these  occurred  at 
the  commencement,  sn  that  the  last  fi8  cases  in  succession 
all  recovered.  Dr.  Keith  is  equally  jxisitive  in  ascribing 
these  good  results  to  the  ndditiminl  pi*ecttutions  which  he  had 
taken  .^ 

'  See  MacCorniac'a  Antittptic  Surffoy* 

'  At  tlie  rcKTont  Iiiternationitl  Omgress  held  in  London,  Dr.  Kcilh  is  said  to 
liave  staUfl  that  be  liad  dittcontiinied  the  use  of  the  spruy.  I  have  not  been 
able  lo  finri  u  report  of  hiB  statement,  but  1  can  quite  ima^ne  that  Ibe 
auioiint  of  carVKilrc  acid  fx>iirc«i  into  tlm  tH^ritonenni  by  the  spray  in  a  pmlon^ed 
i'perntion  w*nil'l  be  injiirinus  1w>th  from  remleriuj:  lh«*  (ialir>nt  liahli-  (n  carbolic 
acid  pnisoning.  iinH  also  from  caa.tiDii  an  inci^a«e*i  amount  of  Hnid  in  the 
peritoneal  cavity,  which,  whirrc  the  rtetalLi  of  the  aseptic  method  were  not 
ihorouKhly  carried  out,  would  bo  liable  lo  uiiderpo  piilrofar-tion.  Though 
Dr.  Keith  Ima  given  up  tlie  spray.  I  h:»ve  not  heard  tliat  he  has  given  up  the 
practice  of  aaeptio  suryery-     (Sec  f!l»aj'lcr  XVI TI.  for  remarks  on  ovariotomy,) 
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Salicylic  acid,  which  W3is  intrtxluceil  by  Professor  Thierscl 
as  a  substitute  for  carbolic  acid,  1ms  been  employed  in  various 
hospitals,  but  the  results  do  not  seem  to  be  so  good  aa  thoeo] 
with  carbolic  atnd.     The  following  is  a  specimen   of   Thiersch' 

earlier  results: — 

From  April  Ut,  1874.  to  May  Slst.,  1&75,  109  ca««  were  treal 
with  salicylic  acid  dressings,  and  51  with  carbolic  acid.  Of  the  former] 
7  died,  of  the  lattor  2.  Among  the  109  salicyUc  acid  cases  were' 
21  major  amputations,  with  5  deaths;  also  a  number  of  resertions, 
conipound  fnictui'Hs,  iibscesstK,  excisionn  of  tumours,  JL'C  The  deaths 
among  the  c^i£H>i  treated  with  .salicylic  acid  wei'e  due  to  the  following 
causes:  In  one  oiso  from  hffimorrhugo  from  the  intestine  100  days 
after  primju-y  amputation  of  one  leg  and  secondary  amputation 
tfirough  the  otlior  femur;  in  one  case  from  hydi'othorax  123  days 
after  primai-y  amputation  of  the  leg  ;  one  patient  died  on  the  twenty- 
third  day  after  amputation  of  the  thigh,  pus  being  foand  in  the 
shoulder-joint ;  a  cH8e  of  amputabion  of  the  thigh  died  from  ex- 
haustion twenty -eight  days  later;  one  case  of  excision  of  the  head  of' 
the  femur  died  fi-oia  iinumia  twenty-tivedays  after  the  operation  ;  one 
resection  of  the  wrisl-jnitit,  followed  by  amputJition  of  the  fore-arra, 
died  201  days  after  the  first  ojKuntion  from  exhaustion.  (Jne  of  tlie 
dealhti  in  the  cases  ti*eatod  liy  carbolic  acid  was  from  pyiemia. 

Erysipelas  attacked  the  sjUieylic  acid  cases  seven  times,  and 
in  oTii-  instance  proved  fitnl. 

The  gi*neral  descriplioti  of  tiie  course  of  these  cases  is  not 
so  good  ;is  that  of  cases  treated  with  carbolic  acid,  and  Volk- 
mann  and  ntbers  have  tried  salicylic  arid,  but  have  not  found 
it  so  trustworthy  as  carbolic  acid. 

Tliymol,  though  at  first  much  ])raised,^  nlno  soon  failed  to 
give  satisfaction.  The  ex])liination  of  this  probably  was  that 
in  the  first  instajice  the  thymol  was  used  in  wards  free  from 
infective  diseascH,  ami  tln*refnre  go^id  results  were  at  first  ob- 
tained. But  these  wiuvis  had  a  great  tendency  to  become 
unhealthy  on  lux^unt  of  the  biid  hygienic  conditions,  and  the 

■  '  Kliiiims'ic  Ergebnissc  der  Lister^chea  Wundbehaiidlung  MDdubordeo 
KrsaU  der  Carbolsiiaro  durcb   SalicylBiiure*— IWitiruirtn't  ^hnm/mn^, 
and  So,  187.5. 

'  Uehtrr  fiat    'i'hyrtuti  und  seint^  Jicnvtzu-n^  hei  diT  antiiieptitrhen 
Innff  dvr  ir«/wA.'/t,  von  Hans  Uanke,  Vnlkmann'r  .iammlungt  No.  128. 
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thymol  was  unable  to  prevent  thia  in  the  same  way  as  earlwlic 
acid  had  done.  Thiis  bad  results  were  very  aoon  obtained,  and 
carbolic  acid  had  to  be  reinst^ited. 

Here  is  another  strong  ai'gumeut  against  the  idea  that 
cleanliness  alone  is  a  sufficient  safeguard.  In  thia  instance 
there  was  of  course  the  same  amount  of  clejinliness  when 
thymol  was  used  as  when  carbolic  acid  was  employed,  but  a 
]K)werful  antiseptic  was  required  in  addition  to  the  cleanliness, 
and,  as  the  experience  before  the  introduction  of  Listerism 
into  tJiL'sc  wards  had  shown,  it  was  necessary  to  use  this  anti- 
septic on  aseptic  principles  in  order  to  attain  the  desired  object. 

The  Relation  of  othkk  Forms  ok  Antiskptic  Sukoehy 
TO  lyFEcnvE  Diseases, 

I  have  found  the  greatest  diflBculty  in  getl  ing  records  of 
any  value  as  to  the  results  of  treatment  with  antiseptics  not 
employed  awc]>tifaHy.  1  have  dcscriln'il  Hilgu**r's  iiH'th*Kl  and 
results  (see  p.  302),  and  these  may  be  Uken  as  a  very  fair  speci- 
men of  the  results  obtainable  by  treatment  with  antiseptics 
alone,  though  it  must  be  obsen'ed  that  in  many  instances  his 
cases  were  no  doubt  treated  ascptically.  I  have  also,  at  p.  401, 
referred  to  Reyher^s  paper  giving  details  of  the  different  results 
obtained  by  aseptic  treatment  and  treatment  with  antiseptics, 
and  this  is  perhaps  one  of  the  best  contrasts  which  could  be 
given,  .Several  of  the  residts  which  have  been  published  as 
having  been  obtained  by  strict  aseptic  (reatment  :ire  in  reality 
imMiing  of  the  kind,  but  are  merely  the  results  of  treutmeut  by 
antiseptics  and  they  might  very  fairly  be  used  as  such,  And 
it  would  bi^  seeti  fnmi  thes<*  that  though  infective  diseases  are 
ofti^n  umch  diminished  in  frecjuency,  yet  they  are  by  no  nieauK 
eutirelv  alxtlished.  Indeed,  the  rapid  manner  in  which  carbolic 
acid  begiui  to  fall  out  of  use  before  Mr,  Lister  published,  shuws 
that  it  was  found  to  be  inefficient  when  used  as  an  antiseptic 
only  and  not  aseptically.  I  believe  that,  employed  as  an  anti- 
septic only,  carbolic  at-id  is  inferior  to  vfirions  other  substances, 
for  it  combines  with  albumen,  and  in  doing  so  apparently  loses 
in  part  its  antiseptic  virtues  (see  p.  260);  and  therefore,  in  order 
to  lie  efficient,  it  would  re(|uire  to  he  adde<]  to  the  discharges  of 
the  wound  in    large    i|utintities.     At    the   same    time   its  in- 
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efficiency  is  iniTeased,   becauBe  carbolic   acid  is  very  irritating'^ 
and  causes  an  increased  amount  of  di  so  barge  liable  to  undeijgol 
feriuentiitioLt.     And  aliso,  a£  f[aek  *  bo^^  shuwu,  wounds  treated 
with  carbolic   acid   have  greater  absorbing   power  than  those 
treated  with  other  substances. 

The  best  comparison  between  aseptic  treatment  and  treat-  ■ 
uient  with  antisepiios  is  that  fumiHhed  by  Mr.  Lister's  own 
results  (see  p.  376).  Tlie  cases  which  were  not  treateti  asi'pti- 
cally  were,  aa  far  as  possible,  treated  with  antiseptics.  They 
were  fretjueutly  syringed  with  antiseptic  lotions  and  dros«ed 
with  antiseptic  ointments  and  drtissiiigs,  and  yet  it  will  be  seen, 
that  the  proportion  of  deaths  avoidable  by  methods  of  wound 
treatment,  and  especially  of  deaths  fnim  hlo<xl-i)oisoning,  was 
much  greater  than  in  the  aseptic  cases,  although  the  uature 
of  the  injiu-ies  was  much  less  severe. 

At  p.  348  I  have  referred  to  the  results  obtained  by  the  use 
of  alcohol  in  Nelatou's  pnu»tice,  and  1  stilted  that  in  Chede- 
vergne^s  paper  *  mention  is  made  of  48  cases  treated  in  this 
way,  of  which  only  1  died  of  pyrrmia. 

The  cases  were,  however,  not  very  bevere.     Thus,   there  was  1 
case  of  tumour  of  the  lower  jaw;  3  casoa  of  epitbelionjii  of  the  Up; 
10  iHirtiiil  exciaious  of  thu  mnmina;  2  aiupiitations  of  the  le^;  ft 
cases  of  removal  of  fatty  tiuuoura,  and  a  unmber  of  isolated  minori 
operations.     There  were  also  ti  cases  of  wound  of  t!ie  knee-joint  anJ 

1  of  the  elhow-joint,  all  of  which  i-ecovci'ed.    No  details  of  these 
ai*e  given. 

Rochard  '  extends  these  statistics,  and  states  that  97  patieiitts  hod 
been  treateil  in  tins  way,  and  that  among  these  there  had  only  been 

2  caseft  of  pysemia  aiid  0  of  erysi]>elu3. 

Chedevergne  states  with  reference  to  the  first  part  of  th< 
statistics  that  the  results  obtained  were  not  merely  accidental, 
for  two  cases  which  had  not  been  treated  with  alcohol  died  of 
pya&mia.  He  attributes  the  fatal  case  from  py^jemiii,  mexitioned 
in  his  pap'ir,  to  imperfect  application  of  the  dressing  pn* 
having  been  allowed  to  accumulate  in  the  wound. 

'    Uther  das  JieutrptioHtvrrfungemjrtinulivvadcf  MiichcHt  Leipzig,  1879 

*  *  Du  LraituDicut  deit  plaina  cliirurg^ictles  ul  trnuiiiu-tiquct)  {iia  lea  (MoitejuttUli 
ik  ralojhnl/  BullHin  ijrneral  rfc  thirajft^utique,  vol.  (»7,  18G4. 

*  HiMtuirrdv  la  Chirur^'ar  FmHtiinK  au  XiX*  »*iikift  Taris,  1875, 
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lu  Ijondon  most  excellent  results  have  been  obtained  bj  Mr. 
Hutchinson  by  the  use  of  a  spirit  and  lead  lotion  (see  p,  269); 
and  in  his  speech  at  St.  Thomas's  Hospital,  at  the  debate  on 
antiseptic  surgery,*  he  referred  to  his  results,  and  stated  that 
they  were  as  good  as  those  obtained  by  a  colleague  who 
practised  aseptic  surgery,  but  he  added  that  he  hinijjelf  had 
abstained  from  operations  which  involved  j»eculiar  risk. 

There  can  be  no  doubt  of  the  excellence  of  alcohol  as  a 
dressing,  and  the  good  results  are  to  some  extent  explained  by 
Hack's*  experiuieut8,  which  show  that  ab8orj)tion  takes  place 
with  the  greatest  difficulty  from  wounds  treated  with  aloohol. 
No  doubt,  also,  as  Mr.  Hutchinson  uaes  it,  many  of  the  cases 
are  treated  aseptically. 

With  regard  to  these  and  other  results  from  the  use  of 
antiseptics,  I  cannot  give  any  tables ;  for  few  surgeons  have 
emjiloyed  one  antiseptic  or  oue  jiarticular  method  of  applying 
them,  and  in  London  more  especially,  where  almost  every  sur- 
geon uses  one  or  other  form  of  antiseptic  treatment,  the 
results  from  the  various  methods  of  treatment  are  grouped 
together,  aud  are  thus  almost  absolutely  useless  for  the  iKiiut  at 
issue. 

Among  the  best  of  these  mixed  results — results  obtained  no 
doubt  in  the  main  by  the  use  of  antiseptics — are  the  cases  of 
major  amputations  i>erformed  at  St.  Bartholomew's  Hosy»ital 
for  the  last  ten  years  (1870-79).'  There  were  467  major 
amijutatious,  of  which  71,  or  15*2  per  cent.,  died.  These  results 
include,  however,  the  practice  of  two  surgeons  who  treated  their 
C3LSCS  in  the  main  ascpiicnlly. 


We  have  already  seen  in  the  historical  part  that  the  various 
methods  of  occlusion,  acting  on  the  principle  of  excluding  the 
gases  of  the  air,  have  failed  to  excludt;  inflictive  diseases.  I 
need  only  refer  to  Jules  Guerin*s  experience  during  the  siege 
of  Paris,  p.  322,  aud  to  his  refusal  to  apply  his  method  in  a 
particular  hospital  because  the  atmosphere  was  *  nussi  yroftyiidi" 
vient  iiifecti,* 

The  only  method  of  occlusion  which  has  been  of  permanent 

'  See  MacConuae'8  AntiMpHe  Sttrgi^ry.  '  Lcx^  oit. 

'  St.  BartkcltmmtU HMpitalHtparti,  18(K>. 
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service  is  Alphonse  Gu^rin's  *  Pansement  ouate  '  (see  pp,  280 
and  325).  As  we  have  seen,  marked  improvement  followed  its 
introduction  during  the  siege  of  I*ariti,  and  good  results  are 
still  obtained  in  some  of  the  less  healthy  Paris  hospitals^ 
Tliis  meth<xl  no  doubt  acts  mainly  by  keeping  the  layer  of 
granulations  at  perfect  rest,  and  thun  avoiding  its  laceration 
anfl  the  consequent  jKisHage  of  the  putrid  material — that  *  ter- 
rible poison,'  as  Mr.  Savory  has  called  it — into  the  blood. 
However  good  its  residt«  may  have  been  in  some  eases,  I  can- 
not think  that  a  method  of  treatment  in  which  fluids,  under- 
going decompositi<m  to  a  greater  nr  less  extent,  are  retained 
in  contact  with  the  surface  of  the  wound,  and  in  which  the 
patient  ifi  onl}'  jirotected  from  the  etTects  of  the  absorption  of 
these  fluids  by  maintaining  the  parts  at  [>erfect  rest,  is  one 
which  can  be  recommended  when  better  means  are  obtainable. 

The  method  which  perhaps  stands  next  to  the  aseptic 
mothod  in  its  power  of  preventing  infective  diseaee  is  treat- 
ment by  irrigation  or  the  water-bath.  Here  also  definite 
statistics  fail,  but  I  may  refer  to  Langenbet^kV:  KUitemcnt  (see 
p.  344),  made  in  1855,  to  the  effect  thai  during  the  preceding 
five  or  six  years  no  catyn  of  pyaemia  had  ocL-urred  among  the 
cases  treated  by  the  continuous  water-bath.  No  results  arc 
given  EkS  to  the  other  infective  diseaseei,  hut  (rum  what  I  know 
and  have  seen  of  this  nuitlitHJ,  I  should  think  lliat  where  the 
water  is  freqnontly  changed,  especially  if  an  antiseptic  is  addeil 
to  it<  and  where  Ihe  wound  is  not  complicated,  and  there  is  no 
rett-'ntv<*n  <if  iliMrlmrtrps,  these  diMnnH<»,s  wrmM  he  more  nr  less 
completely  absent,  Ijangenbeck  mentions  that  during  the  five 
years  to  which  1  hnvo  junt  referred,  in  which  he  hat)  no  case  of 
jjyii'juia  anittng  the  cases  treated  by  the  wafer-bath,  pya:*mia 
was,  nevertheless,  prevalent  in  other  wards,  and  attacked  cases 
treated  in  other  ways  in  the  same  wards. 

I  referred,  alwo,  on  p.  345,  to  Valette's  success.  He  employed 
unfiseptics  to  a  much  greater  extent  than  Langenbeck. 

I  now  come  to  the  consideration  of  the  results  obtained  by 
the  use  of  the  open  method. 

I  linve  niready  mentioned  (p.  332)  Bartscher  and  Vexin's 
results.     They  had  28  cases  of  amputation  (26  of  these  being 
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major  aiuputatious),  with  3  deaths.  The  causes  of  death  are 
not  given. 

I  have  also  mentioned  (p.  333),  Burow's  residts  up  till  1866. 
He  had  94  amputations  (87  of  these  being  major  operations), 
with  .5  deaths.  The  causes  of  death  are  not  stated.  In  a 
later  paper  (1877),  Burow  (junior),'  gives  the  results  of  all  the 
amputations  performed  up  to  that  time  by  his  father  and  him- 
self. Since  1866,  29  major  amputations  had  been  performed 
with  4  deaths,  thus  giWng  a  total  of  123  niiiputatioiis  with  9 
deaths,  or  more  properly  IIG  major  amputations  with  9  deaths, 
or  u  mortality  of  7'7  per  cent.  Of  the  4  last  deaths  2  were 
due  to  gangrene  of  the  stump  and  2  to  pyanuia.  How  many, 
if  any,  of  the  other  deatlis  were  due  to  septic  causes  we  do  not 
know. 

The  following  is  the  detailed  list : — 


Aminitations  through  (htg)i     ....  33 

leg         ...         .  25 

„            „           huineriLt        ...  35 

„            „           fore>arm        ...  29 

of  foot J* 

PaHUl  of  hand 2 


123 


6* 
3 
0 
0 

0 
0 


Total 
*  2  oertAinly  from  pyibmia. 

These  results  are  certainly  remarkably  good.  The  cases 
extended  over  a  period  of  something  hke  forty  years,  and  were 
treated  in  a  small  hospital  composted  of  four  rooms  containing 
altogether  sixteen  beds.  These  rooms  were  small  and  (lie  quan- 
tity of  air  for  each  patient  was  not  very  great,  A  number  of 
operations  other  than  aiiii)Utations  were  also  performed.  Thus, 
during  the  last  ten  years  given  in  the  paper  to  which  I  refer 
(18G6-76),  there  were  trea(*^d,  besides  the  26  amputations,  53 
excisions  of  the  mamma,  30  cases  of  fistula  in  ano,  4  amputa- 
tions of  the  penis,  14  excisions  of  large  tumours,  5  excisions 
of  the  upper  jaw,  8  excisions  of  the  lower  jaw,  6  herniotomies, 
C  traciieutuuiies,  5  lithot4>mies,  &c.  Thus  the  cftnditions  were 
not  so  favourable  as  might  at  first  sight  be  supposed.  We  are 
not  told  what  the  results  were  in  thrse  latter  cases,  either  as 
to   the   occurrence   of  infective  disease  or  otherwise.     Burow 

'  Arckir/ur  MiniKhr  Chirvrffie. 


41U 


MSSULTS  OF  ANTISEPTIC  SVRQKRV 


took  the  most  scrupulous  precuutions  as  to  cleanlines*,  motv 
especially  of  bauds  and  instruments ;  for  example,  he  nerer 
employed  sponges  which  bad  beeu  used  before.  Then  in  man; 
of  his  cases,  notably  in  the  excisions  of  the  mamma,  be  used 
acetate  of  alumiua — a  very  i>owerful  antiseptic — vmd  be  spedallj 
praises  its  property  of  keeping  down  smell. 

Much  more  important  facts  are  published  by  Kronlein  '  ia 
his  rejwrt  of  the  results  of  the  open  treatment  at  Ziirich  from 
1867-71.  The  method  employed  wais  chiefly  that  of  Bartschcr 
and  Vezin,  but  it  was  combined  with  frequent  irrigation  of  the 
wound  with  autiseptic  .solutions,  so  that  we  have  heiv,  not  the 
open  method  pure  and  simple,  but  a  combination  of  it  with 
irrigation  and  treatment  by  autisejitics. 

Kronlein  gives  details  of  the  cases  of  amputation,  exciaian 
of  the  mamma  and  com|x>und  fracture  conserxatively  treatedt 
and  contrasts  the  results  obtained  between  18G7  and  1871  nith 
those  of  the  previous  7  years  (1860-67).  Dming  these  7  yean 
all  sorts  of  methods  of  treatment  were  employed.  In  some 
cases  the  edges  of  the  wound  were  brought  together  by  strips 
of  plaster  or  by  stitches,  and  covered  with  compresses  and 
bandages ;  in  others  the  wound  was  left  open  for  sevenl 
hours,  &c. 

Kronlein  discusses  from  various  points  of  view  the  cao^et 
of  the  difference  in  the  results  in  the  two  periods,  and  at  lenglb 
comes  to  the  conclusion  that  it  is  in  the  main  owing  to  the 
different  methods  of  treatmeut  employed.  I  need  not  enter 
into  all  his  arguments ;  I  quite  agree  with  his  conclusion. 

During  the  first  period  (1860-67),  260  imjjortant  casrs 
were  treated,  and  of  these  105  died.  These  cases  included 
140  amputations,  34  excisions  of  the  mamma,  and  86  compound 
fractureH  treated  conservatively.  Of  the  105  deaths  59  oc-l 
curred  from  pyaemia  and  8eptica?mia  alone. 

During  the  second  period  (1867-71),  172  similar  cases  werei 
treated  with  34  deaths.  These  consisted  of  85  amputations, 
22  excisions  of  the  mamma,  and  65  com]X)und  fractures.  Ofj 
the  34  deaths  12  were  ^m  pysemia  and  septicemia  alone. 
may  just  quote  his  tables  :  — 

*  l>irt»fft-tu  \\'undheh4ittdlHH4j.    ZOrich,  18TS. 
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Amputations, 

1860-67. 

CHPfl  UeailiH  From  pyemtA 

and  wptlcwmiA 

Thigh 36  31  16 

Leg 36  21  12 

Humcrns 18  10  8 

Foru-arm 24  4  2 

Hand i»  —  — 

Foot 17  6  4 

Total         .    140  72*  42t 

•  Or  a  mortality  of  51-4  p.  c.  f  Or  30  p.  c. 

1867-71. 

Cmm  Deathii  From  pyirailii 

aud  deptlcttmla 

Thigh 28  10  2 

Leg 11  2  1 

Humerus       .....  14  2  2 

Fore-arm 10  —  — 

Haud 7  —  — 

Foot 15  3  1 

Total        .    86  17*  6t 

*  Or  a  mortaliiy  of  20  p.  c.  t  Or  7  p.  c. 

FxcL  '^ms  of  the  Mamma. 

1860-67. 
Cases  Deatbi  Prom  pyemia  nod  Bcpticdmia 

34  11»  4t 

»  Or  a  mortality  of  32-3  p.  c.        t  11-7  p.  c. 

1867-71. 
CaMB  Deaths  From  pymnia  and  Mpticcmla 

22  3*  It 

*  Or  a  mortality  of  13'6  p.  c.  t  4*6  p.  c. 

Compound  Fraatures  treated  conservatively  to  the  end, 

1860-67. 

Omm  Dnthi  From  pTsraia 
aad  ■•ptiaemla 

Thigh 7                    2  0 

Leg. 62  13  7 

Humeroa 7                    3  3 

Pore- arm 10                   4  3 

Total       .    86  22*  13t 

*  Or  a  mortality  of  26-S  p.  c.    t  16*1  p.  c. 


Hu&nerua 
Fore-ano 

Total      .    fifi  ii» 

•  Orftmortality  of  21  6  p.  c, 

Kronlein  doe«  Bot  give  full  details  of  the  causes  of  (ktltl 
during  either  perioc  one  cannot  judge  for  ooe'd  iiel( 

how  far  they  were  av-  r  not.     He  confines  bU  atteutkia 

to  iDfecfive  diaefisesi. 

If  we  analyee  Kranlein's  tables  of  amputationg  in  the  Rame 
way  as  WU4J  doo«  ou  p.  387,  fur  the  septic  and  aseptic  tables, 
i.e*,  if  we  only  consider  uncomplicated  amputations,  leaving  out 
of  consideration  double  lunputations,  amjiutations  where  othd 
injuries  were  present,  amputations  in  j>atieuts  already  sufft^nnj 
from  septic  jwisoningj  &c,,  we  get  the  following  results  in  eastH 
treatt^d  by  the  somewhat  modified  open  iiiethtKi  described 
ahove  :— 


U^»00fnjd%eaM  AmpttitiHt>n9, 

Hiiim?rafl . 

(1867-71.) 

i:( 

Fore-ttrm ,         .           8 

Hand 7 

Thiffh ,         .         23 

1^<^K           ^         .^ 6 

Partial  uf  faal          ,         ,         .         ,         .                   12 

Total  .                 07 

ortalitT  of 

1G4  p.  c.  &s  compared  wilb  ScliedeV  rcsa 

Tuatiii     ' 


of  4  4  p,  G.     Of  Ibese  deatha  one  oocuireri   Troin  shock  ;  in  five  tio  cause  ol 
deaUi  ifl  given  ;  four  died  from  pyttnilo  ;  and  gne  from  eryaipelfta. 

Between  18G0  and  1867  about  4,000  patient&,  suffering 
from  all  .^lorls  of  fiffedion&,  were  treated  iu  the  surgit-al  wardi 
at  Zurich,  and  of  these  146  died  of  pyaemia  and  septicaemia, 

Between  18G7  and  1871  about  2,300  dmilar  cases  wer? 
treated.     Of  these  only  19  died  of  pyjciuia  and  septiva&mia* 

Among  the  4,000  patients  of  the  first  period  erysipelas  oo 
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currecl  148   tunes.     Among  the  2,300  patients  of  the  second 
period  erysipelas  occurred  127  times. 

We  thus  see,  that  a  treatment  consisting  of  a  combination 
of  the  open  method  with  intermittent  irrigation  and  treatment 
with  antiseptics  reduced  in  a  very  marked  degree  the  mortality 
from  pyaemia  and  septioicmiu,  but  did  not  affect  erysipelas  at 
all.  What  the  open  method  alone  would  have  done  we  do 
not  know,  but  these  results  are  very  good  in  a  hospital  where 
infective  diseases  were  prevalent.  Kronlein  himself  says 
that  these  wises  'sufficiently  show  that  the  open  method  is 
DO  absolute  guarantee  against  pyemia  luid  sept  icieuuu.'  He 
also  states  that  *  the  open  metho<l  does  nothing  iigainst  ery- 
sipelas; indeed,  during  the  time  in  which  the  open  method 
was  employed,  erysipelas  was  more  frequently  observed  than 
formerly.' 

We  have  also  alrea<ly  seen  from  the  experiences  of  Nuss- 
baum  and  Volkmann,  that  the  open  method  is  not  very  power- 
ful against  geptic  diseases  in  infected  hospitals.  Thus,  for 
example,  Volkmann  states  that  at  first  he  wits  an  advocate  of 
the  open  method,  but  that  by-aud-by,  as  the  hospital  became 
more  and  more  unhealthy,  the  treatment  became  of  less  and 
less  value. 

I  may,  in  contrast  to  the  results  of  the  ft)regoing  methods, 
give  a  few  statistical  tables  of  cases  not  treated  aseptically  at 
all. 

Billroth's  results  just  quoted  in  Kronlern's  bi»k  represent 
the  mort^ility  after  operations  not  treated  asej>tieiil]y. 

Mjdgaigne's  statistics  '  are  well  known.  The  following 
table  of  arnjmtjitions  represents  the  result-s  ohtiune<l  in  Paris  at 
the  time  when  he  wrote. 


C«M« 

I>e»Ui« 

• 

Amputation  of  thigh 

.    aoi 

13H. 

mortality  of  62-6  p.  c. 

n  le?     • 

.     1113 

106- 

t» 

„  652  „ 

Partial  of  foot  . 

.       38 

<J- 

»t 

n  23fi  „ 

Khoulfler-joinl  . 

13 

10  = 

•• 

..  7fi-9  ., 

Humerus    . 

n 

41- 

^, 

..  45     ,. 

Fore-arm  . 

28 

8- 

M 

..  28-0  „ 

Tolal        .      563  300^         „  „  532 

Arekitts  ffiniraleg  de  Midi>eih6,  18i2. 
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Paul '  luis  collected  a  very  extensive  series  of  staiititicit,  nf 
vhich  the  following  is  a  sample. 


Oun 

Prnthi 

AmpuUtion  «t  hip-joint 

283 

1 59 -mortality  of  716  pw  o. 

II 

through  fomur  . 

1721 

863- 

M 

„  .no-i    „ 

ti 

at  shoulder-joint 

192 

84- 

»l 

«  437    ,. 

» 

.,  knee-joint 

49 

24* 

II 

..  401*     ,. 

i» 

Ihrough  leg 

1243 

460- 

•• 

*«  3rt-7     „ 

i> 

„       huraenu 

U4H 

311. 

M 

»  33  a    „ 

n 

„       fore-Arm 

391 

7:1- 

tt 

»   18  7 

6,060 


1,097- 


3»*4 


Mr,  Holmes  in  1866  *  gave  statistics  of  the  last  300  ampa- 
Uitions  performed  at  St.  George's  Hospital.  Of  these,  eighty- 
three  or  27'6  p.  c.  died.  In  1874*  he  publislied  Ht^tistics  of 
the  last  500  cases  of  amputation,  and,  of  these,  158  or  31-6  p,c, 
diedi  It  thus  api^ears  that  of  the  last  200  amputations  \»a- 
formed  at  St.  George's  Hospital  between  1866  and  1874,  75  or 
37*6  p.  C.J  died.  This  result  shows  that  hut  little  benefit  had 
been  derived  from  the  recent  improvements  in  surgery  as 
regards  cleanlineBs,  t^c,  apart  from  the  use  of  strict  aseptic 
treatment,  because  the  majority  of  these  cases  were  treated 
after  attention  had  been  called  to  the  subject  by  Mr.  Lisrter'i 
writings. 

Air.  Erichsen  *  says  that  the  mortality  after  great  amputa- 
tions varies  from  35  to  50  p.  c. 


The  results  obtained  at  St.  Bartholomew's  Hospital  were 
brouglit.  forward  by  Mr.  Savi>ry  at  the  meeting  of  tjie  RritL'*h 
Medical  Association  at  Cork  ^  iu  1879  to  show  what  could  b«» 
done  simply  by  cleanliness  and  g(KKl  air  independently  of 
Hseptic  treatment.  The  reiwrt  i)ubli«hed  in  1880'  shows  that 
of  619  operation  cases  of  nil  kindn  (excluding  eye  operations) 
45  or  7*2  p.c.  died.  Many  of  these  o|>eration8  were  of  very 
minor  importance  indeed.  They  included,  however,  73  major 
amputations  with    11    deaths;   13  excisions  of  joints  with  4 

'   Dir  mtuwrratirr  Chimrgir  ftrr  frtiethr,  Breslan,  18n4, 

"  St.  Gforffe'*  /titAftitat  PffH^rtn^  vol.  i.  »  Tfrirf.  vol.  viiL 

*  *  t}n  Ho.ipilAlism  and  the  CAn.<u«  nf  Death  aft«r  Operalions,*  1874. 
»  Jiritijth  MrdinilJourMal,  Au^iiflt,  I87fl. 

*  St.  Barth<*h*meir'9  Hot/jrit^il  IlefHrrts* 
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deaths  ;  29  cases  of  removal  of  tumouTH  of  the  mamma,  nn 
death  ;  13  ciises  of  removal  of  tumours  of  the  tongue,  1  death  ; 
4  lithotomies,  no  death  ;  32  herniotomies,  6  deaths  ;  25  teno- 
tomies, 1  death ;  74  operations  for  phimosis ;  36  cases  of 
fistula  in  ano,  &c\ 

Among  the  45  deaths  were  9  from  pyaemia  and  four  from 
erysipelas.  The  causes  of  death  in  the  other  cjiHes  are  not 
given.  Erysii)ela»  attacked  I7ea«e8  oj>erated  on,  and  1 1  others. 
One  very  striking  case  is  mentioned.  The  femoral  artery  waa 
ligatured  with  various  aseptic  precautions  for  poj^liteal  aneurism. 
The  wound  did  well  till  the  twelfth  day,  when  haemorrhage 
occurred.  It  was  then  re-opened  without  aseptic  precautions, 
and  the  i>atieiit  died  of  pynpmia. 

Thiis,  by  the  use  of  cleanliness  alone,  infective  diseases  are 
by  no  means  banished  from  St.  Bartholomew's  Hospital.  In- 
deed, in  considering  these  results,  it  must  be  remembered  that 
a  considerable  number  of  the  cases  were  operated  on  aseptically. 
How  many  cases  were  treated  by  good  surgery  and  cleanliaess 
alone,  without  aseptic  precautions,  and  with  what  results,  we  do 
not  know. 

Very  good  rcsuUn  obtained  by  methods  which  are  not  very 
powerfully  antiseptic  were  published  in  the  spring  of  1880  by  Dr. 
McVail.'  During  the  preceding  three  years  107  operations  had 
been  perfnnned  of  which  50  were  major  oi»era(ions.  Of  these  50 
cases,  3  died.  Among  them  were  31  major  amputations,  and 
the  three  deaths  occurred  in  these  cases  ;  in  one  it  was  due  to 
internal  injuries  ;  in  one  it  followed  gangrene  of  the  back,  due 
to  contusion;  and  in  one  pyaemia  was  the  cause.  The  onset  of 
the  pyaemia  in  the  last  case  is  said  to  have  followed  the  o]>en- 
ing  of  an  abscess  over  the  sacrum,  and  death  fttlhtwed  within 
forty-eight  hours — a  very  rajjid  com-se  for  pya^rnia  !  Was  it 
simply  a  case  of  sapifemia,  or  was  the  abscess  jMirt  of  the 
pyiemia?  Then  there  were  3  cases  in  which  joints  were 
opened,  viz.,  one  comiKiund  dislocation  of  the  elbow,  which  was 
reduced,  but  the  local  result  is  not  given  ;  one  case  of  ex- 
cision of  (he  head  of  the  radius,  result  nof  mentioned  ;  nnd  one 
case  of  excision  of  a  metacju^wd  bone  in  which  some  joint  was 
opened. 

*  Britigh  Medical  Journal 
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If  or 


Of  course  these  are  a  very  small  number  of  operations' 
three  years,  and  they  were  treated  in  a  country  hospital, 
that  the  result  is  not  at  all  siu^irising ;  but  when  Dr.  McVa3 
attempts  to  di*aw  extensive  ciinclusions  from  them,  and  to 
show  that  the  method  of  treatment  adopted  in  these  cases  is 
better  than  the  ajieptiu  method,  he  is  using  a  fallacious  argu- 
ment. AH  that  can  be  eaid  is  that  under  the  conditions 
which  these  operations  were  performed,  aseptic  treatment 
but  little  npcessary,  though  even  here  we  find  that  one  out" 
31  major  amputations  died  of  pyjemia.  As  we  have  seen,  tlft 
best  surgeons,  Mr.  Spence  or  Mr.  Savory  for  instance,  e^| 
with  the  use  of  the  most  scrupulous  cleanliness,  cannot  reck<m 
on  anything  like  absence  of  infective  diseases. 

After  all,  these  statistics  are  not  nearly  so  good  as  ^| 
results  obtained  by  Bardenheuer  with  asej^tic  treatment  in  tnc 
Cologne  Inliimary  in  one  year.^  He  had  ?m>  death  am 
133  aseptic  operations  involving  bones.  These  included, 
cording  to  MacCoriuac — 

41  amputations  (17  of  thlf^ti)  through  bones. 

10  t,  at  joints  (t  at  hip). 

53  reaoclioriii  (15  of  hip  ami  13  of  knee). 

*2'6  cases  of  removal  of  wedge-shaped  pieoee  of  bone. 

6  operations  for  hadly  united  fracture. 

I  case  of  trephining. 


*  MooCormao'a  AHtisejitie  Surgery,  p.  29. 
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CHAPTER  XVIIL 
RESULTS  OF  ANTisETno  suKUERV  {carUiuiied), 

G«nl■m1(:u^^idc^ationti.  Wounds  of,  aDUupvratitnisoii,  lieallhy  joints.  Method 
of  trcAtnicnt  adopted  in  iIicm^  ('4U(<;s.  Definition  of  tlxe  (prm  'Aseptic 
course  : '  Example.  Wmindrt  of  heiilthjr  jnints.  (-)iJcmtion8  on  healthy 
Joints.  Objections  to  the  value  of  ihf^se  oiRee:  reply.  Inci.'iionK  into  joints 
alTccted  with  syiiuvitU.  InotHions  into  joinla  utTcoC«d  with  pulpy  dcgenera- 
tiun  of  the  synovial  meiuhrane — a  witlwiutauppunitinn,  A  with  euppurution. 
V'oIkDjaiiu's  rcisults  :  Max  Scbctlc:  Paul  Harth  :  Saxtorjth  :  Pif^chaud  : 
Nuflsbaum  :  Albert :  Hueter :  I/ii^vant :  Krosko :  Reyher  :  Bcrgnuuin. 
Comjiarison  of  Ucyher's  results  with  those  obtained  during  the  Crimean 
war.  and  with  Heintzcl'a.  Treatment  by  imj:ation.  Necessity  for  obiserving 
tlie  niinute»t  pre^^iulion^iusghon-Ti  by  Mr.  LiKter'scaM).  KcituIlBof  removing 
foreign  bodies  from  joints  withoui  aseptic  precautions:  Larrey:  Sponoe  ; 
Paget. 


So  fur  1  have  been  dealing  with  general  sUitementfi;  iuiil  tliuugh 
these  are  often  not  of  much  use,  yet  I  cannot  think  that  there 
can  lip  any  doubt  na  to  the  great  value  of  the  fjurts  which  I 
have  narrated.  Thus,  for  example,  we  have  had  an  opportunity 
of  comparing  Mr.  Lister'n  results  in  Glasgow  btdbre  and  ufler 
the  iufroiluction  of  aseptic  treatment.  After  he  went  to 
Edii^brugh,  we  were  able  to  trace  u  very  marked  improvement 
following  the  introductirm  of  the  aseptic  anethod;  and  we 
hIho  ha<l  (lie  np|K>rtunily  of  contrastinji;  the  results  of  aseptic 
treatment  with  thobo  of  treatment  by  autirtoptios  in  Mr.  Lister  h 
own  handa.  We  were  fiurther  able  to  poiut  out  that  there  was 
a  great  difference  between  these  results  and  those  obtained 
during  the  greater  jiart  of  the  saiue  jieriod,  in  the  same 
hospital,  and  under  more  favourable  hygienic  conditions,  by  a 
surgeon  who  did  not  practise  aseptic  treatment. 

We  have  further  had  most  striking  evidence  from  abroad 
showing  that  in  infected  hospitals  the  aseptic  method  has  done 
what  other  methods,  such  as  the  open  method,  treatment  by 

£  E 
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irrigiitiun  or  by  antineptics,  could  not  do.  It  has  not 
diniinished,  but  wlien  [»n>j>erly  t^inployed,  it  has  aboli^heil  in- 
fective dififase.  That  this  result  ha«  not  been  simply  du* 
to  cleanliness,  as  has  been  suggested  by  some,  is  shown  h\ 
numerous  facts,  such  an  MioHe  mentioned  by  Nusslinum  (p.  31*4^ 
and  Volkmanu,  and  also  by  the  results  of  the  use  of  thymol 
(p.  404). 

Nor  mui*t  I  forget  to  mention  the  rebulta  obtained  is 
ovariotomy,  althiMii^'h  lht\so  are  not  test  cases.  For  the  p^| 
t^meura  has  u  wondei-ful  jM»\rer  of  destroying  causes  of  pufS 
faotiim,  or  i>f  rendering  them  inert  by  rapidly  removing  thu 
fluid  in  which  they  might  grow.  Thus,  dust-laden  air  ^| 
been  injected  into  the  healthy  peritoneal  cavity  without  31 
results,  though,  if  juscitic  fluid  were  present,  or  if  the  perit^neiUB 
were  unhealthy,  there  would  almost  certainly  he  fermantatt^| 
and  probably,  as  a  res\Jt  of  this,  depending  on  the  amount  aflP 
nature  of  the  irritating  products  formed,  i>eritonitis.  In  the 
healthy  i>eritoneuin,  which  absorbs  fluids  with  iminenHe  rapidity, 
there  is  no  fluid  for  the  organisms  to  develop  in,  an<l  t 
they  are  left  in  coutaeL  with  active  heaUliy  living  tissue,  wliii 
as  we  have  seen  from  ex]»erim€nt,  rapidly  destroys  tb 
Hence  the  ctise  of  ovariotomy  is  by  no  means  a  teat. 

There   are  certiun   cases,  however,  U\  which    1  must 
allude,  in  which  there  is  not  the  same  tendency  to  dest.nic 
of  orgimisras,  hut   where   there   is   np]»ortunity   for    them 
develop,  and  where  the  admission  of  septic  dust-  is  liable, 
exjierience  ban  shown,  to  be  f<»llowed  by  very  serious 
qnencps.     An  example  of  such  a  ciise  is  where  organisms 
admitted  into  a  healthy  joint.     Here  fluiil  is  present,  in  whi<^ 
they  can  develoj),  ai\d  hert*  also  all  juirts  of  the  living  surfii 
are  nctt  in  contact,  and,  therefore,  organisms  may  be  present 
the  fluid  of  the  joint  and  yet  not  in  contact  with  healthy  livi 
tissues.     This  is,  then,  a  test  case,  for  here  organisms,  if 
mitted,  will  as  a  rule  grow.     We  must   therefore  inquire,  h 
injuries  which   might  involve  the  entrance  of  organisms  ini 
healthy  joints  behave  under  the  various  methods  of  treatmc 

Then,  again,  in  chronic  abucesses  we  have  similar  condition 
Here  the  fluid  is  practically  under  the  same  coxulitions  h« 
it  were  in  a  fla«k ;  the  walls  of  the  cavity  are  probably  not 
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healthy.     How  do  Kuch  abscesses  behave  under  variouB  circum- 
stances ? 

And  l;istly,  iilthou/^h  this  is  not  such  a  tost  ciise,  wf»  know 
that  c*Hiip<mnd  fractures,  whethi*r  made  by  the  surgeon  or  by 
accident,  are  very  dangerous,  chiefly  on  account  of  their  gre^t 
liability  to  be  followed  by  infective  diseoiJe.  In  this  instmice 
the  destroying  action  of  the  blo(xl  clot  and  oF  the  living  tissues 
can  come  into  play,  but  nevertheless  the  movements  to  which 
the  i)art.  U  Hnble  are  apt  U^  interfere  with  their  action.  Eto(»d 
clot  in  only  of  use  as  a  destroyer  of  bacteria  if  it  be  kept  at 
rest. 

Wounds  of  J  and  Incisions  into.  Healthy  Joints, 

1  have  alrcaxly  publisluHl  the  cases  which  have  occurred  in 
Mr.  Li^ter*s  practice  from  the  end  of  1^71  uji  to  November  1879/ 
hut  I  shall  introiliice  these  tables  here  in  order  to  complete 
the  subject.  Before,  however,  discussing  the  results  as  a  whole, 
I  must  mention  how  the  cases  have  been  treated,  and  what  is 
the  usual  aseptic  course. 

Wounds  of  joints  are  treated  on  the  principles  described  at 
page  113,  If  the  case  is  seen  very  shortly  after  the  accident 
(witluu  a  few  hours)  the  joint  is  thoroughly  washed  out  with 
1-20  carbolic  lotion  by  means  of  a  s^Tinge  and  catheter,  the 
wnunil  being  enlarged  if  necessary;  the  stirrounding  skin  is 
wrll  wa.shed  with  the  wime  lotion, a  drainage  tube  is  inlrodueed 
iiitrt  I  he  joint,  a  large  gauze  dressing  is  applied,  and  a  splint  is 
arnaigi'd  soas  to  prevent  movement.  This  treatment  is  earned 
out  under  a  spray  of  carbolic  acid.  If  the  woimd  does  not 
come  under  observation  till  after  the  lapse  of  twenty-four  or 
thirty-six  hours,  a  solution  of  carbolic  acid  in  methylated  spirit 
(I  part  of  carbolic  acid  to  5  of  spirit)  is  used.  If  a  still  longer 
time  has  passed  since  the  recei]it  of  the  injury,  fermentation  of 
the  fluids  in  the  joint  has  generally  taken  pW^e,  and  there  is 
but  little  hope  of  eradicating  it.  An  attempt  may,  however,  be 
made  by  the  use  of  either  of  the  lotions  just  mentioned,  or  of  a 
solution  of  chloride  of  zinc  (4l>  grs.  to  the  ounce)  or  of  iodoform 
suspende<l  in  alcohol  and  water. 

In  opemting    ou   healthy  joints,  the  various  precautions 
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desL-ribed  iu  the  chaptt.T;*  on  asejitic  ^urtjorv  Tnui<t  be  catv 
c4irriod  out.  As  a  rule  the  1-20  c;irbc>iic  lotion  is  vist'*J  for 
all  purpose's.  When  the  operation  is  concluded,  a  drain 
tube  or  a  horse-hair  dnnn  in  mtriidut*e<l  into  (he  joint  so 
to  provide  free  e!*cape  for  fhp  serum,  which  will  prohahlv, 
a  few  hours,  be  of  contdderable  amount,  owing  to  the  initat 
of  the  fivnovial  ineinbnuie  by  the  manipulations  and  by  the 
carl>»lic  acid.  The  diain  c^m  generally  Ix*  disi>euKed  with  in 
simple  caseH,  Huch  as  after  the  removal  of  u  looHe  cartilage,  i 
from  nne  to  three  dnyn.  As  the  result  of  tliene  ttjiertitions,  th 
dischargt*  becomes  very  slight  after  the  Hrs(  twenty-four  ho 
Tliere  iri  no  pain  nor  Kwelling,  in  fiiet  no  U»cal  iiiHamniatury  di 
lurbance  whatever,  and  therefore,  of  course,  no  suppuratio 
('onstitutiouiilly  the]i;itient  reiuains  (juite  uuafleeted  :  he  fee 
well,  eats  well,  sleeps  well,,  and  in  fact,  thinks  it  a  great  hii 
sliip  to  be  kept  in  bed  for  a  few  days.  In  the  following  case 
when  I  use  the  tenj»  *asej)tic  course,'  1  m*iau  this  condifi 
of  absence  of  local  or  constitutional  disturbance. 

T-et  me  take  as  an  example  a  ease  i>f  recent  fracfure  nf  ih 
]>alella,  which  was  ojienited  on  willi  the  view  of  obtaining  bou 
union. 

\V.  T.  a4.  37  w;is  admitted  to  King's  College  Hospital  on 
Dec.  13,  1879,  sutiering  from  a  recent  simi)le  transverse  frac- 
ture of  the  patella.     The  accident  hadoccuiTed  on  December  9 

Condhlon    on    adminslun. — The    knee-joint    was     row 
swollen  and  coulaiued  a  considerable   (pianlity  of  fluid.     Thi 
patella  was  fractured  tninsversely  and  the  fragments  wereabni 
two  inches  a]Kirl.     There  was  a  gocjd  d(';d  nf  pniii  in  the  joint. 

Operatlov. — On  December  13,  chloroform  hanng  been  ml- 
ministered,  Mr.  Lister  made  a  longitudinal  incision  about 
inches  in  length  over  the  jiatella.  the  various  aseptic  precau- 
tions before  described  being  eni]»loyed.  The  knee-joint  watjof 
cDurse  at  once  opened.  A  quantity  of  coagulated  bhHxl  and 
fibrous  tissue  tilled  np  ilie  sjiace  between  th<*  fnignients,  and 
this  was  removed,  A  }»air  of  dressing  forceps  w^as  then  Ttasseil 
into  the  joint  and  projected  against  the  skin  at  the  most  de- 
]>rntleiil  part  of  the  outer  side  of  (he  joint.  An  incision  was 
uiade  on  the  projecting  point,  and  by  means  of  the  forceps  » 
horse-hair  drain  was  drawn  into  the  joint.    The  fragmentjj  weir' 
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then  drilled  iililii[n(-ly,  uvoirling  the  cartilage*,  and,  n  piece  of 
atrong  silver  wire  being  passed  along  the  drill-trneks,  the  frag- 
ments were  firmly  tied  together.  The  two  ends  of  the  wire 
were  then  twisted  together  and  left  of  sufficient  length  to  pro- 
ject from  the  wonnd.  A  drainage  tube  was  introduced  into 
ilie  incinion  superficial  to  the  patella  and  brought  out  of  the 
upper  angle  of  the  wound.  The  remainder  of  the  line  of  in- 
cision was  btitcbed.  A  large  antiseptic  dressing  was  ajiplied 
enveloping  the  whole  of  the  thigh,  and  the  limb  was  placed 
on  a  jiosterior  splint.  The  foot  iif  the  be<l  was  raised  on 
blocks  so  as  to  make  the  discharge  flow  upwards. 

After^rofp'ess, — The  after-progreys  of  this  case  was  typical. 
There  was  never  the  slightest  pain  or  constitutional  disturbance 
(see  Fig.  77).     On  the  following  day  (December  15)  the  dretss- 
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Fio.  77.— Temi'eratckb  chakt  fkom  a  cahk  of  ofkratiok  for 

FIIACTURK   OV  THB   PATBLLA.      (No.  ai»  p.  434.) 

ing  was  changed  and  a  fresh  dressing  re-applied  ;  there  was  no 
[)ain  or  swelling  of  the  joint.  On  December  17,  the  dressing 
was  again  changed,  and  a  jjortion  of  the  drain  was  removed 
from  the  joint.  On  December  19,  the  suptrficial  dmin  and 
part  of  the  remaining  dnun  for  the  joint  were  di»i>ensed  with; 
nn)Ht  of  the  stitches  were  taken  out.  At  the  next  dressing,  on 
Decendjer  24,  the  remainder  of  the  drain  and  the  rest  of  the 
HJitelies  were  removed.  On  December  31,  the  wound  was 
again  dressed,  and  was  found  to  l>e  quite  healed,  except  a  minute 
si»?ek,  where  the  dmin  for  the  joint  had  l>een.  This  was  found 
to  iM'tpiite  healed  on  January  5,  when  jiassive  motion  was  btgun. 
The  wire  was  removed  on  K(4>rujirv  J*,  an*!  bony  union  was 
fouud  to  have  taken  place.  When  the  ]Mitieut  was  discharged 
on  February  15,  the  movements  of  the  joint  were  perfect 
through  an  angle  of  45°;  imtient  could  kick  vigorously. 


422 


HESULTS  OF  ANTISEPTIC  SVItOSRY. 


No. 


>'aine  and  Ag« 


Krniik  K.,  29 


Goorge  (■.,  CU 


Robert  H.,  no 


Walters.,  42   . 


J..  I« 


Mcnrv  \V. 


I>:ivi.l  t*.,  1.1 


Dat«  of  AdinlMdAii, 
Oi^mttoii,  Mi't  IHr- 
cliarire ;  with  Jtcwlt 


vlr/.,Nov.  20,  1871, 
0/j.»  Nov.  2(),    „ 
JhK,  Pec  23,    „ 
NetulL  cuml. 


.If/..  June  28,  1HT2. 
Op.,  Juiifl  2K,     ,, 

/>;».,  Oct,  1,     „ 

Rtnylt,  runnl. 


-(rf.,  Mav  12,  1873. 
0/j..  Miiv  12,     „ 
/>i».,  July  17,    „ 
BeiuU.  fmlnl ;  ampu- 
tation. 


Ad.,  May  17,  187.'>. 
0/>.,  Maj-  17,     „ 
/>!«,,  May  21.    „ 
He$ult,  in  pnKX**  ()f 
curt'. 

^//..  Ort.  1.  IM7:i. 
Op.y  Oct.  1.     .. 
/Us..  I>e<-.  1.    ., 
Itisuii,  curcil. 


Jr/..  Jiirif  X.  in; 
0/».,  .hull-  S.  ,. 
Ifiit.,  June  l.'i,  ., 
J{ismU,  curciL 


O/...  M:n  -J,      „ 
/>(■«..  iilicr  Mr.  I,i-Ici 

l.rt  I'.'linl.ur-li. 
Jti.^u/t^  ciirctl. 


Iniotsr 


Little  fingflr-jolnt  fractmed  b 
Skin  over  hand  eontnaed. 
carpal  bone  laid  bare  in  tb 
ita  extent.  Fourth  lueUe 
juint  opened. 

Compound  coraminnted  fi 
humerus,  caoaed  by  the  w 
paHsing  over  hU  arm.  Hii 
in  two  places  ;  the  lower  I 
uicating  with  the  elbow 
a<lmittcd  alwut  two  hours 
the  accident. 


Compound  fracture  of  the  cai 
left  hand.  ExteosiTe  lacei 
pnrta.  Machinery  accider 
uiittetl  immediately  after  t 


Wonnd  of  metacarpo-phalan) 


('nm|N)iitul  ilifiliM*att<in  of  t 
nrlicul.-ir  Mirf:!**  «1"  the  t 
thmu^li  a  liir;;e  wound  an 
malltH'li  toni  nlf. 


Thunil)  ami  traprzium   nearl 
t  lie  i:nrp.il  jdintn  opimed.   U 


Large  lacerated  wound  of  rigl 
tl:ip  of  ^kin  thrown  to  one  < 
^niund  into  thcrartilajjinoii 
inteniiil  ccmdylc  vf  the  fen 
dent  rcsuHcd  from  a  wheel 
passing  over  patient's  leg. 
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>rNT9. 


Ranmrlu 


fiiwer   unpuUtedf    other   parts 
tsynn^edwith  l-20ciirlKiUcIotion. 


id  inJKtetl  with  1-20 carbolic  Intion. 
te  hmf*  pipresof  bone  wt^ru  retnovod 
n  ihi'  liiwtT  wnuniL  (No  portiou 
ho  nrticuUr  end  of  Che  humerus 
,  howcriT,  rcmnvod.) 


i|  itijeotnd  with  n  wihiUnu  of  car* 
:  acul  iu  reclitieil  Hpiril  (1  in  h). 


id  oat  with  1-30  ciirbolic  lotion. 


nund  WM  injected  vith  1-20  ear- 
:  lotion,  and  an  attempt  wnit  then 
e  to  rt'dueo  th«  dislocation.  Tlii4 
Hf!*  thti  nrticaUr  Furfnce  of  tlie 
I,  woA  BAwn  ofT,  the  utragftlus 
i<;  l<*ft  untonched.  Foot  fixed  at 
t  angles  to  le^. 

minb,  with  its  metacarpal  boiw, 
remored  ;  the  trapesiam  was  alao 
«tvi]  out.  The  wound  and  the 
al  jpint«,  oa  for  as  poanbtef  were 
•1«d  with  1-5  solution  of  eartaoUc 
in  riKtiflodfipipt. 

of  tlmue  were  dipped  away,  and 
sartila^  of  the  condyle  was  pared 

a  knife  where  the  dirt  wiu  most 
nd  in.  The  wliole  of  the  dirty 
id  wasacrubbedwith  anflil-bni^h, 
1-20  corbnlic  lotion,  and,  in  nddi- 

1-ft  npiriUiims  solution  nfcarliiilic 

wiTf  :ipi|:rUi-i).  No  stitches  were 
IikI.  llic  limb  was  placed  on  a 
'.rior  flpiint. 


Some  aluughinf;  and  suppuration  occurred  amon); 
the  contuHcd  partn  in  the  hand,  and  nn  abwmu 
formed  in  the  forearm.  Entirely  healed  De- 
cember ^.  I'lLvnive  movements  wero  begun  iu 
OcceinlHsr,  and  could  lie  eiuiily  pi'rfurmed. 

Putrefaction  was  avoided;  typical  awptic courM. 
I'hc  fracture  had  quite  united  on  Aut^ttst  10. 
Tlie  wniind  wa»  quite  euperticiol  on  Aa|t08t  3, 
otid  boracic  dn>»ring  waa  applied.  On  August 
15,  erysipcla-*  attacked  the  wound.  This  pa.vt^ 
off,  nnd  the  wouuds  were  <|uite  healisi  on  Sei^ 
temlwr  20.  When  dinmiftwd,  patient  ww  abVi 
to  flex  hiH  nrm  suflirientty  to  cuable  him  tu 
touch  the  F>houlder  of  thu  other  side. 

Putrefaction  oivurreil  in  Rpile  of  the  injection ; 
tiiul,  ns  fever  set  in,  Mr.  Lister  o|»eratpd  (m  May 
Iti,  removing  the  carptisand  lingers  but  lcarin|; 
the  tm}H-ziuiii  find  tlic  thumb.  The  tlaps  wen^ 
left  );oping,and  rarb*iHc  oiled  lint  (1-10)  woj* 
iulnxJuced  Itetween  them.  Flaps  brought 
together  on  May  24.  Stump  was  quitA  healed 
on  June  'ih. 

Putxefiiclion  waa  avoided.  Treated  aa  an  oat- 
pationt.     Wound  followed  an  aseptic  course. 


Aaeptio  courw.  The  wound  was  almoat  abso- 
lutely healed  wheu  the  patient  wa.*  dincharf^d. 
Joint  stniTi^  anil  .^lii^hlly  tiiovii}>lt>.  Thv  tern* 
pernlurc  was  un  vuv  ttteiwloii  nHliigh  aa  100 dc^. 


Aseptic  conrne.    Treated  as  an  out-patient  after 
June  13.    On  June  31,  the  wound  bad  almoat 

entirely  heaied. 


The  wound  became  filled  with  blood-clot,  the 
deeper  part  of  which  became  organised.  On 
May  1.'7,  tli<-re  waa  a  lor^^e  ^^ranulatin^  surface. 
Ttie  wound  wim  quite  supertleial  on  June  3(j, 
when  Uiracic  dressInK  wa«  subftituted  fur  the 
carbolic  add.  There  waa  at  that  time  very 
cnnsidrrable  movement  of  the  knnvjoint,  witli- 
out  paitj.  In  August  IJiTH.  '  patient  viiiit^  the 
)io«piUkl,  walking  without  any  aB)tii!t«nce,  the 
two  knees  boitig  equally  UAcfuf,  except  thai  the 
iigarftd  one  was  still  somewhat  stiff.' 
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T.  Wou) 


Ko. 


XuM  And  Ag« 


Ellen  M.,  12 


Jatic  D.,  oO 


10 


13 


Hnm  L„  <10 


Ilonn-  B.,  22 


Samael  M.,  '>4 


OpvrmlUm.  and  Di>- 
afaargv;  with  RmuU 


ArrhiLatilR.,  Ki 


Anil  P.,  (;h   . 


^(/..  Nov.  C,  18: 
Op.,  Xov.  <i,  „ 
/>!«.,  Not.  17,  .» 
Hrsuttf  curvd. 


Injury 


Ptinrtured  wound  of  ankl^-jofnt,  caoMd 

sciswiini.    The  «ccMi<nt  hnppenetl  twral 
one  hottnt  twfort!  admi^ion.     Glairy  fli 
escaped,  and  a  pn>be  pfbiiicd  into  tbe  j< 
Foot  rwi  and  awollr-n. 


--Ir/.,  Ort.  15,  1878.      I  Compouml  fracture  of  the  lower  end  */ 
O^.,  Oct  1&.       „  I        feniur.  with  *iiliiiteriti>iof  the  tHdidvlwil 

fjin.,  J iiwii '20,  1^7^.  th<>jnint.     PiLtioni  wtu  ocou  one  hour 


it^auJt,     wound 

jdint  ourttL 


.if 


AtL^Sov.  12,1878. 

Of}.,'SoY.V2.    .. 
/>('«..  April  lit,  1K7J». 
Hefiull,  in  process  of 
cure, 

Ad„  April  20,  I87fl. 
Op.,  April  21.     ., 
/Wj.,  Mny.tO,  tooomf 

Alt  oul-|iHtipnt, 
linull,  cured. 


.J//.,Julv8.  1879. 
0/>..  Jiilv  8.      „ 

RtsuU^  curud. 


.■ft/..  Dec.  10.  1880. 
licmttt,  cured. 


.^./.,  AoK- 'n.l8Hl. 
Op..  Auk.  1-i,     „ 
/yij..  Auk.  '^>*     •• 
Rmult,  tared. 


a  hnlf  afler  the  accident, 
fnirture.  No.  70.) 


^8ee  com| 


Compound  diflocation  of  the  l^ft  ankle^c 

with  comminuted  fracture  of  the  fibula 
fmcture  nf  iheiulemni  mallpidiM.     Skisl 
the   nej^'hlxnirhiMMt   <>f   ihe    wound 
LSintUKed. 

Pnlieiil  jumped  over  Watorlfio  Bridc«; 
hif*  dej<o«itc.  henniek  his  left  elbow 
the  side  of  the  parapet.  The  reMili  wmi 
obt^ui'  fraoture  into  the  vlbow-joint,' 
l/irhin^;  theiutental  cundjklp.  Theft 
mmll  M|>entn^  in  tlie  skia  oummunii 
with  thd  fracture. 

Punctun>d  wound  of  the  left  knoe-joinl, 
nbow  the  patella.  'Jtie  fini^r.  when  in) 
diict4  into  the  wound,  passed  iatu  the  jcM^I 
nnd  felt  the  under  fiurface  uf  the  p>li^J 
Syn<jvinl  llui'I  cm^hinkI.  Great  pain  ^ 
nmvement  of  the  joint.  The  wcuitd  vtfj 
inllict4.'d  iihoui  fmirteen  linur«  liefortlfcff 
pntit-nt  rnnie  to  the  lif^pitul. 

Incited  wound  of  knee*joint.     iQci^ra 
nnd  II  half  inch  lon^. 


Compound   fracture  trf  Ihe   nlwrannn. 

lU-eident  happonei)  uu  Au;{U'<t  lU.  iimI  *'| 
luiou'diately  ^"en  by  the  hoii>4i!  Htrifeua- 
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foiNTS  (coniinueri). 


TVeAtnuQt 


\V'i)uii(JenlAiyed,  and  joint  Injected  with 
a  itolution  iif  carlxilic  aciti  in  5pitit 
(1-5). 


The  opening  in  tlio  ^kin  was  enlarged. 
The  prtijecIJQg  end  uf  the  femur  wiut 
Mwn  olf,  and  redaction  ww  ftfectrd. 
The  WMUud  wAft  wiuhed  out  with  1  to 
20  i^arlwilic  lotion.  An  iucisiua  was 
mu'Ie  into  the  knee-joint  on  the  outer 
Hide,  and  a  driuiiit^'-tul><!  wu  inni>rti*d 
into  it,  tv  (>rcvfiit  Ai-cunudatioti  of 
iluid. 


The  detached  portion*  of  bone  were  re- 
moved; wound  nyriiii^eij  out  with  1- 
2<>  cwImiUl'  lotiiiii.  Di>«li.K'«tion  re- 
duced. Drtiiuii^e-tubeti  tUfwrrted.  Uu- 
puytren'A  !i|>liiit. 

Wound  enlartfcd:  tiome  (imall  fra^nentu 
of  Umv  reiMoveiU  nnd  I  lie  wound  and 
joint  ii^riu>{e<l  out  with  1-20  onrboUc 
loliiin.     UrAinag«-lub«w  inserted. 


Joint  wuhe^l  out  with  1-20  curbolic 
lotion,  and  with  a  dilution  uf  carbolic 
acid  in  rectified  Hpirit  (  l-Jt).  Urniuage- 
tube  iniwrted;  (Kniittriur  ppHnt  applied. 


Wnuml  ttyringi'^l  nut  with  nn  irmuUion 
of  uuralyptus  Mil  I'^tritaMiing  todurunn. 
Stirruiin'din^  part*  washeil  with  l-*/n 
cnrhL'Jic  luli'in.  Tube  intriMlueed  intti 
lb**  jitint. 

On  the  loth  the-  wcund  wan  thoronf^hlr 
wiiHhtil  out  with  I-2U  lot  inn  atvd 
tifiitrd  ii'i'jjtimllv.  Afi  iln-re  was  no 
luid,  pnlient  fould  not  lie  udiuitlcd  till 
Iht  following;  day.  On  the  l^ith  the 
wnund  wtiM  u^rain  wa^hetl  uut,iuid,the 
np*'nin^  bping  colarged,  the  fru^nvaU 
MiKTe  liiriiu)(ht  to^t^tiivr  by  meant  i>f 
strong  silver  tvirt;.  Urainage-iube 
inserted,  wuund  stitched,  straight 
splint  Ajiplied  anteriorly. 


B«marka 


The  wound  had  qalte  healed  on  November  17. 
AtM-i'tlc  toupM- :  dre«Med  fimr  I'lnen.  When  pa- 
tient wn?  'iJicbarf^pd,  the  nnklt'  wjis  rjuitc  nor- 
mal, wiili  (terf^ct  nio  vein  cut.     (See  Chart  I.) 

AirpUc  cDursB.  The  drainage-tube  waa  removed 
from  llie  joint  on  October  'i8,  nnd  the  wound  of 
the  joint  had  complelelv  healed  on  Norcml>er 
2  i  :  the  wound  in  Lite  thr^b  healed  on  D«ceiul>er 
13.  As  the  frficture  rutnained  ununited,  JAr. 
Lister  injected  iodine  between  the  cndj  of  the 
fragmetita  on  February  14.  Union  not  yet  oo- 
curritiff,  Mr.  Lbter  t-u't  off  the  endii  of  the  bouM 
and  wtred  them  together  with  thick  silver  wire. 
'j1ie  feuuir  Ik  Mill  ununited,  but  'u  under  treat- 
ment.    (See  Chart  II.) 

Aseptic  course.  Some  portions  of  the  nkin 
iduughctl.  When  diHcbargcd,  the  wound  was 
almost  healc<l,  but  the  auue-juint  was  stilT 


Aseptic  coume.  Woand  coroplflely  healed  on 
June  mt.  The  movementit  of  the  Joint  were 
then  very  j;ood,  and  have  i^inw  that  lime 
steadily  improved.    (See  Chart  lit.) 


tVscptic  course.  The  pain  on  moving  tJie  knee 
coaaed  n  tew  hours  after  it  had  been  washed  oaL 
TIk  wound  WAS  quite  superficial  when  the  pa- 
tient was  dimrhsr^ed.  an  i  tlie  knee  was  quite 
movable.  Healing  won  wnnplcte  on  July  HI. 
The  patifnt  wam  a^ain  seen  in  Ui-tober,  the 
niuTetneals  of  the  knee  twing  tlien  perfect. 


Typical  nscjitio  rourse.  Tube  rcmovotj  mi  Dcrom- 
biT  17.  When  dl8char.;ed  the  wound  had 
altnoMt  entindy  healed,  and  bi.*rdinK  wot*  roni- 
plete  in  a  h-w  day.-*.  Kni-r  joint  (H-rfectly 
HKivalile  and  \vji  quite  .itrung. 

Asefitic  enum*.  Some  of  the  stHcbes  were  too 
light  and  caused  a  little  irritutiun,  but  thi* 
»-utMiik-d  as  Suoii  as  Ihcji  wen-  i:ut.  IriL-ision 
liHuluil  iind  stitches  reniiiv«»4l  tin  Aui^unt  10. 
L>min!«  entirely  removed  on  Augiut  19,  The 
woQud  had  ijuite  bealed  when  the  patient  waa 
discharge'l.  (The  ends  of  the  wire  which 
bruught  the  f^gnicntH  tot^ctber  were  cutiiliort, 
and  ttw  cutaneous  marcina  were  brought  ta 
gelber  over  them,  so  that  the  wire  remains.) 
Seen  in  middle  of  Septeuiber—^x tension  per- 
fect. Flexion  lievund  a  right  Angle,'  and  can  be 
done  perfectly  by  pa^^ive  motion.  Arm  gain- 
ing strength. 


DiHlorfttiari  of  the  lowpr  ewiH  nf  tti 
bftckwnrtl*.  The  Jower  end  of  the 
WW  inui'b  lhickein«i*  Supitumtiii 
rpef^itrrc:*!  in  Che  s^heatliA  nf  ibe  Rex 
d^TiiA.  The  movements  of  tb*  wri 
Were  p'NJnU'eai,  but  limited,  more  ar| 

Lrtftwp   eartilmffp*  in   tlie     pTbow-joiot 
mtivertiimfs  of  ll{?xion    mid  esctviiflb 
jmiuiiml,    rnoTo    e«]>o<ciAl1j'      the 
\*uxn    <m   Attonptihjt     *o    romplelt 
Tnov«iilcma, 


Dnunit^d  fraptwre  of  neck  of  ri|i;:ht 
Aeviilent  ham)>eiiffd    IS   montllB  be(i 

thcr  wit  nriT  walk. 
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Healthy  Johs-ts. 


Bmnarlu 


Removal  uf  tiic  Hnifer  and  the  whole  of 
the  inti'tiieRrpal  bon«  ;  the  carpal  ird- 
L-uUtioiu  being  of  course  opraed. 


Free  ineiiioo  into  joint  \  cartilage  re- 


Longitntlinal  inctnon  over  olecranon, 
the  rjurtilnginoiu  i^nd  uf  the  fiumfruii 
beini;  at  unte  freelv  extrwetl.  Enils 
of  fntfnn?nt«  irfnMhoJ,  drilleil.  and 
tied  tu^irther  by  strDng  !>ilvcr  wire. 
Wound  IfCt  open.  Splint  applied  so 
as  tu  keep  the  arm  extvudcd. 


opened ;  end  irf  ulna  removed  ; 
dnlugc-tube  introduced  Into  the 
wrlat-joint,  which  woa  heahhr. 


i^ltuilinnl  iiuHnion  nv^r  c:<(l('nial  c.un- 
Ijrk.  Jiiiiii  ii[ieni*4L ;  ltK>w>  LkkIji?^ 
it  2iiy  in  niimhirr)  saxiptMj  out. 
rn  drflinaicR'liibcfi  w^rv  intorlvil ; 
round  stitched. 


The  limb  havlnij  bcFn  drawn  down  to 
full  teii;:th  Ity  pullcvM,  ati  incision  wa« 
mitde  over  aud  abov«  the  truch&ntrr, 

I  and  the  end««  of  the  fnt(jinent»  wi*r>' 
refi-e^littd  with  the  ^;i)U>;e  and  hoiniiuT, 
the  ^Jiint  beinj^  «pen*Ml  in  Ihi?  prow.'w. 
K  DrainQ(;c-tuU'4  inwri«^rl  intu  jnirit ; 
jl  ni>  Htilohes;  Imi^  Nplinl.  niid  <-xl»*n- 
ainn  with  wei^Iit  anil  pulley  n]i)tlii>d. 
I  Length  of  right  \i%  after  upcriilion, 
I      BO^  in. 


On  April  2B,  the  wound  had  entirely  h«aled  ex- 
ceiit  n  flmall  [mint  at  the  diatftl  end.  Aaeptic 
course. 


Wound  was  cumplotely  heal«l  on  Anf^nfit  6.  It 
had  1)een  drrj^wd  four  times.  Aftcptic  courw. 
Knee  freely  movahie. 


The  wound  had  completely  healed  on  Hay  2,  ex- 
cept whera  the  wire  projected.  Drf<wed  ten 
time*.  Wire  removed  on  May  ID,  when  union 
was  complete.  Pa«aive  motion  wa^i commenced 
on  April  8,  and  was  perforaii.-d  at  each  drea»- 
ing.  Typical  niteptir  cfiur^e.  When  diMntJMwdi 
the  movements  of  the  unn  were  almost  perfect. 
In  a  letter  received  from  the  patient  some  time 
afterwards,  he  stated  that  the  one  arm  was  as 
good  aa  the  other.  'I'he  ttnipt-'raturc  in  th.\% 
case  Was  irrec~ulnrlv  tnlt«*n  but  i(  wait  only 
once  above  100°  F.,  and  then  it  was  100*6°  ^^ 
KD  erenint'  tom|)eraturti. 

So  local  ixc  constitutional  disturbance  followed 
the  opemiion.  When  sent  to  the  convalescent 
humt:  on  Au^u^t  lo,  there  was  etill  a  small 
rtinuH,  hut  tliift  i*^ion  hoiilod.  The  movemenl«  of 
the  wrist-joint  were  ^(really  improved. 


Healed  on  December  17.  Dre»«d  seven  times. 
AB(>ptlc  course.    Arm  was  paralysed  at  lint, 

owing  t(>  the  pre^urc  of  the  tourniquet;  but, 
under  the  use  nf  ^alvAninni,  this  was  cured. 
When  disminfied,  the  movcmentu  wore  much 
iropruvod.  (See  paper  by  Mr,  Sflinp^fm  (iam- 
^00  in  Ldiirff  for  January  10,  1871.)  Tho  tem- 
perature in  this  case  Wfw  only  taken  otire  daily, 
und  WAS  only  once  above  96*^  P.,  viz.  on  the 
mnming  after  the  operation,  when  It  was  Sfr*?" 

Healed  on  Mnri'h  38 ;  aseptic  conme.  Extension 
was  nmintained  till  April  ;i  t  but  when  It  was 
at  lei)i:th  reiitovrd.it  wbp  discovered  that  the 
weight  liorl  l>ffn  tiH>  henry,  nnd  Ihnt.  the  liud> 
<>|j«T«ted  >.'n  was  U>nf;er  than  the  niher. 
When  the  patient  lefi  the  hospital,  there  was 
not  onsenuK  unmn.  hul  nlie  was  able  to  walk 
fairly  and  sit,  nnd  the  pain  which  she  previ- 
ously HtifTered  hfld  cutuplelelv  disappeared, 
(bee  Chart  IV.) 


Four  mrnlhfl  Iwfon;  ndmi**ifjn,  pafknt 
vitli  jin  accidfiitt  cuiii^mg  frncturrof 
ulna  A  little  alMive  Jt-n  niii]d|t%  npil  dUI 
t.]on  ikf  the^  ht-m]  of  rttiitus  bai'kward.^  I 
iintEoii  nnfl  SLipinnMon  wi-re  almost  rnt 
Nib]>F.     Lxfensiiin  fniild  Ia-  cnirit^l  tU^'t 

FittTtnl.  wn.4  run  4iv<>r  iiiim^ijiatdr  bf 
!iihiM:39lfin.  ]>K^  nnklfi  niuiHt  brui«d 
illstenLleii  wllh  eAu^c^l  blotfU. 


Riiftfiirp  t>r  rctrdifl  iVmori?  mii]  rturfW 
b*iili  tlii^Mis,  lUt' vflitti  btiiig  Aiill  t\\* 
tu  the  »L(]c^  iif  ttiL^  palt-Uit/  Nu  ivin 
estrn^iou ;  though,  if  rhe  leg;  »rf« 
t^nded^  it-  cuuld  tw  kspt  ao.  1/  tt  b«e 
at  jiU  bent,  ibe  phtlent  felU 
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HCALTUY   JOINTO  (cnntimwl). 


) 


Trratinmit 


R«iiiitfkfl 


Both  ir&ngUa  wen  fcmoved,  tbe  Un- 
ctnnt  Mng  exposed  daring  the  orwrn- 
tion  Mnd  h»>ld  luide.  On  th«*  rijfht 
$iAt!  thf*  wri<>t-jomt  wv  opened,  ih<< 
MrticiilNr  ^iirfacrji  of  the  ncaphoid  and 
rnditu*  IjoiD^  «c«ti. 


Thinkini;  thAt  the  cm»  w««  one  of  ne* 

i-miiis,  Mr,  Lister  rut  dawn  uiil  Rou^rd 
uut  a  TK>i1tnn  ftf  the  huwr.  In  dnin); 
^j).  h«  found  tba  iotfriur  of  the  «liftft 
'•nRcnwl,  and  cMuvurtcd  into  a  sort  ol 
(franulaiiou  materia L  In  srmpiDK 
out  tlii«  mAttor,  the  c^u^e  Ai-cioont- 
Ally  [kAiMed  into  the  ankle  joint,  which 
WAA  healthv.  (Jhloriik*  of  xinc  woA 
applied,  anj  a  drainage- tuba  itucrtod. 

The  whnip  of  thr  ^cApuU  Mnvr  the 
tipine,  the  ^pino  itMlf.  and  ahout  one- 
third  of  the  >;lcni)id  cAvity  w«r«  re- 
moved, tho  iipjifr  bordi-r  of  ibe  •c»- 
{•ula  and  {lan  of  ttio  tflcnuid  ftiwti  bo- 
ag  left. 


Kxtemal  lateral  liffament  of  the  elbow- 
joint  dividnl  and  head  of  radiut  snip- 
itM  off.  Drainaue-tubc  iuwrlcd  iniu 
joint.    N'o  fttitxrhcA. 


JutDt  incised  and  cluU  cviictiatctl. 


The  VABtl  were  detached  friKn  the  »ides 
of  tho  patellA.  Thif  upper  border  of 
the  patolla  wax  rawed,  and  tbe  vaati 
wen?  fltitched  to  it — a  V-«bBp«d  por- 
tion t)eing  taken  out  of  the  rcdiu  and 
cnireaa.  Count ernipeuin^fi*  tnade  nn 
each  nde  of  the  jniiu  and  drainnge- 
tnbea  iiiscrtcii.  Only  vnv  kuM  u|H;ra- 
tedon. 


When  diamiaaed  tn  be  traated  aaan  out-palieni 
healing  wax  not  cocnnlete.  On  June  ?,  the  left 
wriU  WAS  found  heued]  on  .Iune7,  the  right 
had  aIkci  healed.  Left  dr«»ed  fteveu  UineA; 
rig:ht  elKht.  I>rainage-lube«  removed  May  20. 
TviiicAl  aaeptie  tvurse.  MovemriitA  rif  tineert 
nnu  wrist-joitiLt  on  tNith  «idiu  were  iier^ct. 
TeiuperAluriMrrri^Urly  taken.  Highest  lem- 
perature  wiu  UUi} '  i'. 

When  the  patient  wu  diAchargttd,  the  wound  had 

ininpletfly  heaJecl.  There  waa  tin  jiftin,  and  the 
onWle-joiut  WHS  freely  movable.  NuiumMitii- 
ttonal  ur  local  diilurbance  followed  the  opera- 
tion. 


A  pnrti'tn  of  one  of  the  flnpK  loi*l  hi  vitality,  leav 
int;  a  lartfo  deep  hole,  at  (he  boltnm  nf  which 
the  articulnr  end  of  l.lic  huincruK  roiild  in>  ivfn. 
This  took  A  Ion;;  tinn*  to  till  up,  Init  v.n»  com- 
pletely healed  wliou  \Uv  piitjent  wo.tdi-w^hnrf^t'd. 
The  rc«t  of  the  wound  hcalrd  by  tintt  intention. 
I'awive  movement  wan  kept  up,  and  when  the 
patient  wiw  dinmiAsed,  there  W(u  j;i)od  niovc- 
ttient  ui  the  iihoulder-joint.    (See  (^hart  V.) 


lleAlinjB;  waa  complete  on  Deccntlwr  8.  Dreued 
MX  times ;  ajtcptic  coume.  rA.vive  movementii 
were  beffun  on  NovemJHT  IN.  When  (i|»- 
cliarged,  the  niovemcntj*  in  all  din-.-lioiis  were 
very  fAir.  Whoiiiieun  ii^ain  m  He{itember  IH?", 
idl  tbe  moveuicnta  were  aluios'.  ab«(jlutvly  yvr- 
FouU 


Aaeptic  coorwc.  On  Murch  10,  the  wound  wa« 
ijuil**  itu|wrticiAl,  and  Iioracic  ilrr'K<<ii)}{  was  ap 
plied.     MovemeutA  of  joint  normal. 


Wound  went  on  well  for  about  three  weeks  when, 
owiQR  to  thu  patient  pu.<Jiinf;  bin  hand  under 
the  dreasingy,  the  wcmnd  pntretlod  ;  but  bv  ibis 
tiine  tbe  o(ionln(;  into  the  joint  had  doeeu,  and 
no  harm  r«»alte(L  When  diomiMed,  the  pa- 
tient could  extend  hia  knee  after  It  bail  been 
lient  to  an  aujjle  of  135"^  •  and  tbe  other  knee 
beiup  kept  extended  by  meant  of  a  iiplinl.  he 
cnnld  walk  without  fear  of  falling.  (See  rvi^n 
of  CAM  by  Dr.  Hoxburgh  in  IaahckL  lb78.) 
(See  Chart  VI.) 


TransverEw  i^adiurti  of  the  riehi  iifttella 

bftr^  Pjitii^rit  wjM  M(iiiiitt<Hl  ati  OclnU 
but  insiitttl  *jn  i^omiis  hcKiie,  Mail  no  t 
trij4itcil  by  Jippni'a.luii.  An  the  a[)f«] 
did  not  OLnawier,  lu^  now  rf.Adi] y  mnm 
ta  tliR  pcrfrirnifiht^  »r  thu  upvratiug 
vitrtisily  i)r«>(-v»ted. 


l]»i;miji]}liil]fi,  witb  f'fftipiim  fif  hlood  lst# 
Ti^rht  jLiikla  JL^iit.  Stateil  that  Ke  t 
kickwl  uri  thi^  iinklt  tlire*  ^\n\s  lipftir* 
iiii*.*ioi!.  Pntit'iU  wiw  isufFcrinp  ^rcxi  p 
And  cutiKtiivUniml  clidturbfliice.  ThBJi 
wBfi  tcniw  fnMn  tbc  prcaraif*  of  Htiid,  > 
ni  H r.  Lir^l er  rpnred  t hal  ^it{>ptiiil 
iDi|j;lit  ('ji!i<uL\  bt"  inci>^  ibe  Joint- 


^ 
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lifiALTHY  Joints  (co>UMMed), 


tnmnatnt 


^ra  l0fl|tilndin«l  incUiimB  iiindr  tm  the 
piMterior  aspect  of  tlie  joint :  une  tie- 
tweeo  the  external  cundyle  iiud  the 
olvcnnnii,  the  niher  bt'lwficn  tho  ole- 
crnnnn  nml  (tie  ulnar  ni-rvt ;  thf«?  in- 
risii'tis,  of  course,  t>ppnln(;  Oio  nrtk'U- 
Utum.  The  prnjwlirifi  |Mirtion  of  the 
htiiiii'ruH  wiia  then  rcinov**!,  the  »l- 
tnrhinciit  of  ihf*  lriri"i»  li»  tli*?  olecm- 
ju>n  pnHtfw  l»cinp  left  intact,  ami  a 
hfllitw  was  p'Utr<tl  f-'f  thcretfeittittn  of 
the  i'Iecr«in>n  proccaa.  In  i>r<lrr  to  get 
ci>raplelc  extviiiioD.  it  wiw  ncceiwary 
to  rcnutvc  the  whole  of  the  p-xleninl 
crmdyic;  dMinojips-tobcs  iiuerted. 


Elbow -joint  opened;  no  !<<»(»«  cartilnftu." 
foiinti,  lint  a  nuutbvr  of  binliuA  at- 
tnchi-ji  til  »  rriiitrcof  i*ymivinl  mem- 
brunc  were  rvinoveiL 


A  limKitudina]  incUioo  about  thm 
inchcH  in  lenjjth  woa  made  nver  the 
patella,  v-h«n  it  appcarc'l  that  the 
rrai,'incnts  Wfro  mulunlly  displawd, 
and  a  miw*  of  rtrm  «.apuluni,  mixed 
with  fibrous  ti*i>u«,  iiilormM*-*!  between 
thotiK  i*o  ihiit  il  wouUi  havp  been  im- 
rwHwihlK  tu  bring  the  owieouB  »urfticcs 
jr]hi  iiml.'^i't  except  by  operative  niejini*. 
This  nintcrinl  wiu*  reMH've*.!,  find  th<' 
t'tvfis  uf  llu'  frnKiii'*tita  wen*  then  ro- 
frr.oheil,  ilrilU'd  obliquely  aiiil  lied  t^i- 
i;elher  with  strrnii;  silver  wire.  An 
nppiiiiiK  ^*''"*  insdo  into  the  Jfiliit  mi 
llii-  iPiHcr  :>ide  for  the  intmducliitn  nf  a 
hnrwhiiir-ilriiin.  The  wuuiij  was 
clu»Gd  by  (ttitchca,  and  llie  limb  pljred 
cm  a  (lOfiterlor  (looch'n  splint. 


An  iin'isi'iri  wiia  made  nn  ena-h  »lde  of 
ihe  anklt^jitint.  A  qimntity  «if  dark 
llui<t  blfioil  e«Gn|H^.  IIuriHrhair-draia 
piivit:ti  through  ihfc  joiuL 


Rrauvka 


The  woundfi  lia*!  i|uil«  healed  un  July  30; 
dreaitefl  *\x  (iine« :  typi«'al  aneptic  eoume. 
When  diwharired,  the  mnvemenls  of  tho  olbow- 
jnint    Hero    aliiioat    abeolulcly    perfetit.    (Soe 


Chart  VI, 


Aseptic  cDurae.  Wound  had  healed,  ami  the 
Diovemcutit  were  ref>toriHl  whon  tho  patient  wuii 
diacharged.     (See  (hart  Vlll.) 


The  wound  had  completely  healed  on  NoTeraber 
17.  except  when-  the  w{re  wan.  nraln  removed 
from  kne«  on  NuvemWr  1.  iDi'ljiiim  on  outer 
flidL'  of  kntt!  heiiliHl  r»n  Xuvemher  11.  I)reMied 
peven  tiinf^  ;  typical  tweptie  couTfe.  Wire  wnn 
removed  on  LV'enilier  '21.  The  apllnt  wan  left 
ofTon  JanuHr>'  7.  I'ntelbi  ftnnlv  united.  There 
waa  naturally  t-unf-idenihlc  stilfner'sof  the  kiiM-. 
owinji  to  the  limb  hoNin;;  lain  no  lon^  in  the 
#plint.  but  it  could  I>e  niintHj  with  eaf<e  through 
an  ant;le  of  alKiut  ih  de^'.  Tatienl  wonid  not 
ftubmit  to  forcible  niovtinietil  under  rhl(irofomi» 
or  even  to  wcAr  an  rla»lir  apparatuf  fur  gradual 
lluxiut^     (See  Churl  JX.) 


[Mh  woUnd<>  lind  heiiled  on  Mnnh  T2.  Hiemor- 
rhu^e  occurred  from  *mv  of  the  wuumU  on  the 
morning  after  the.  oiKTntion.  and  rcf^urred  at 
iijler\'»lis  during  three  daya,  belnt  it  length 
cbeek-'d  by  the  iippUcntion  of  a  solutinn  of  p«r- 
chb'ride  uf  irim  in   plvi-erine.      Wound-*  were 

auite  fcupcrlidal  on  March  12.  and  boraeie 
reasing  was  therefore  applieil.  S*o  nuppur- 
ation  ;  aseptic  rourte.  When  diM:h«r>;ed, 
there  miu  no  palu  In  the  juint :  the  joint  was 
quite  niiivahb',  und  tlip  l>««y  war*  aldo  to  run 
about.  I'alient  na>  i:i  hoctpiliil  in  September 
lB7y,  (in  a4-(-i>urii  of  bleeding  fmrn  hi*  tin^r  ; 
♦he  ankle  was  then  in  evcrj'  tvifpcct  quite 
nurmut.     f.'^eo  Chart  X.) 


1^ 


11> 


WmimmBH^j^ 


Edwud  W.,  i'l 


Jainca  V^  lU 


euro. 


Op-,  Mari'h  *24,     „ 

/>ti,,  Ai>ii]  a.^»     „ 

HesuiL  ritcht  etiT*d ; 

left  m  ftatu  qmn. 


Utittnitnl  fHuture  of  the 

W(*eli«'  l>UlI<^1ill^^     PatJont  oooJd 

itirrr   WAR   t»ljliqii4<,  Mfifi.   nn  flrxi 
wji»  ei>iuid&fnbZo  wiiiLrfttiaa  of 


Ihp.    tiumeruA,   iijlh    duJtiCMJuM] 
boane.  of  th*  TtireArm  bftcVwuiL 
1ifi]tpi>Tii!dl  tbm  montlig  (K]bK> 
Ttit^  mnvcmviitjA  uT   iIid    cJbcytt'.J 


LooAc  cnfdlrtt^Qs  tti  Uith  )ilin!'jijim«u 


1 
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TrcfttBMnt 


BeUArlu 


An  indnion  was  nude  on  the  Dinar  tide 
of  the  iH»«t*Tlor  sartace  of  the  oleora- 
Dfin.  KmU  of  fnf^enbi  wen  re- 
fn-^liwl  with  n  cIiImJ  luttl  tinmintr,  the 
joint  bf'in^  of  whipm?  niwne^l.  Fm;;- 
menU  wiTv  ih«n  drilled  obliquely  nnd 
li'd  U»(;ftlit'r  with  Rtnmg  dilver  win;. 
Ilunwhitir-drain  pawed  into  joini. 
Wound  Plitclipil ;  urni  plm-ed  un  ii 
ipliiit  ill  the  txttrndod  ixnition. 


f>n  thn  aupixwitloD  that  the  case  wan 
Niiii|.lv  iiti«>  (if  fracture,  a  hin^iludina] 
inriiii'iii  wa"*  niiid«  brhind  thu  jitint, 
with  the  Jn(«ntiDii  of  txri^iii^;  it ;  Imt 
the  true  nature  uf  the  cmw  beioK  re- 
veaM.  it  wnii  determinMl  to  avoid  In- 
terfyrenw  with  the  \»t\\tt.mtf  the  forts 
arm.  A  Binall  rliw  was  mw?i  nwav 
from  the  l<iwcr  end  of  the  humeru-i, 
which  wa.1  irreatly  diittortivl  and  thick- 
ened by  calliuL  The  lower  end  of  ihe 
hum<n)<«  was  thnn  parcl  ami  sha^ied 
with  diiKl  and  ifouue,  fo  n»  to  rv- 
Mmble  the  natural  form  nf  the  articu- 
lar end  of  the  Ixme,  h«llow*  being 
|{ou[;e<l  for  the  reception  of  the  rort)- 
nnid  and  olecranon  privceMM.  Thp 
dixlocation  waji  (hen  redu<^  :  'Irain- 
aice*lubca(aiier1'M),nnd  wminilNtitrhed. 
The  raasoD  for  preferring  ihi»  opera- 
tion to  complete  excision  waa  to  avoid 
the  laggini;;  Ifchind  in  in^wth  of  the 
foreann  Mtid  hund.  which  i*<  m>  Apt  to 
oc«-ur  after  that  operatiou  in  young 
rhildrtn. 


Having  fixftd  the  cartila^^n  in  thA  right 
knee,  Mr.  I.l«t«r  cut  down  and  r»- 
movod  it.  L)rainat;e-tut>e  put  fato 
j.iint.  Twu  dtivH  aflerwArd.H.  a  free 
inoision  waa  made  into  the  other  joint, 
In  aeareh  of  a  verv  small  looee  cartil- 
age, which  could  not  be  fixed,  but 
which  the  patient  could  genemlly 
bring  by  his  own  manipulations  ti> 
the.  ppi>t  inci!*«l.  I'rotracle'*  manipu- 
lations un  hi-i  own  part,  carrit^d  out 
under  the  spray  with  carboltsed  handti. 
foiled  however  to  bring  the  body  to 
the  wound  ;  nor  could  it  be  di»roven-d, 
ufter  a  long  search,  with  the  finger 
and  hoolitt. 


L 


Tbc  woand  had  entirely  healed  on  April  9.  ex- 

c<!pt  where  the  wire  waa.  Typical  aseptic 
et}urse.  Drain  and  stitches  were  removed  on 
Manrh  27.  Passive  mnttna  was  begun  on 
March  31  ;  wire  removed  May  1 1.  the  union  of 
the  fra(cmrat«  b?)ng  then  cmnpleu*.  Wh^n 
dlrtcharged,  he  waa  able  to  extend  his  nrm  al- 
most completely.  Id  a  lolier  receiviHl  from 
him  in  0«-tober  1H78,  he  staree  that  hi»  ann  in 
almost  OS  useful  as  the  ottier,  and  that  hi*  ran 
carry  uii  his  trade  as  a  plasterer,  which  he  iMiuld 
not  do  before  the  operation.     (See  Chart  XI.) 


Aaeplie  eourw.  Passive  motion  was  lK>xnn  on 
the  day  after  the  opfratinn.  Pmnstion  and 
anpinatii^n  w«-rc  [»ertec(  frmit  the  tir»t,  sod  al- 
ways continued  >ui.  Owing  ro  the  movement^, 
a  sore  remained  over  (he  olecranon  till  April 
10,  when  it  had  completely  heaM.  The  limb 
was  Very  strong.  The  nioveineuta  of  (•xlension 
■nd  tiexiixi  were  fair,  and  were  ctmstantlr  iin- 
proTing  when  the  t>atient  was  discharged.' 


Bo'.h  wounds  followed  an  a^ptir  cour^.  Draiiv 
age-tutms  remove. I  fr  -m  encli  the  dnv  after  the 
operation.  Kight  knee  hc«b'.|  April  V2  ;  left 
knee  hai(  healed  befure  the  jiatiifnt  left  the  ho»> 
jiital.    Motreii  enta  on  both  sidea  unliii|»aire(j. 


T  F 
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Ofkhatusss  Of 


No. 


n 


Kimub'UmI  Agv 


ADdTlsw  G.»  SB 


II 


'11 


23 


DnU  of  AdEbiMloilL, 
ch  iTvn  ;  with  BAmU 


WHlUm  T.»  37 . 


J«ma  K.,  $9    ' 


Joseph  fi.f  S4 


<J;j„  Jitpe  <».      „ 


J*f,»  Pep.  U1,  1879. 

I}i»»  Feb,  \h.  1«S0. 
A»iiite,  cured. 


Jii^  ApKl  10,  IB80, 
Op,,  Apri]  12,      ,, 
/Jw.,  Sep.  26,      „ 
RtntiL  stiff  ktHK, 


Jij  Spp.  27,  1880, 
Ob..  <3ctV2,     „ 


Pstifiat  irvB  «  mc^cttl  tnMiL.     He  l»4j 
from   banian,  tvside  the  mrl 
<■►«]  jiJiiit  of  th*  Kr«st  toe  **f 
fr  H  V*?*!*    P»d*,  etc.,  hm^ 
hut  widiuut  fJtcct.     PaUniit  wam  nnaMvte] 
vrulk  #ven   ahi^rt   dUtanciffl  irilb«nit 
pAtn,  fuid  hc'  oduiil  not   enter  on  Uw^ 
iliv  fur  wbidi  his  mediritl  nlnt'iktiaii 

-    now  qiin]ilir:*4  bJtn. 


R.    ent    ^l^l^    tT*naver*e    fractare  rf 
(telltL.  The  BDcideat  luippeiivd  on 


U    se  cA-UEage  Id  the  lefV  kD««  JoittL 


Unusiteil  fracture  of  Ch«  pAtella  of  i^p 
month*  aUndiiig.  Upper  h^i^ment  prrXtf 
firmlr  Hdiiprent  to  the  itaterior  Aurfitn  li 
the  unmr.  Lowtt  tntgmeut  verj  snitiL 
PitJent  CAQDOt  wiLik  at  aU. 
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Healthy  Joints  (continued). 


TmtmeDt 


Mr.  Lislpr  mail?  n  l<iiiuritii<]inal  ineiAioh 
over  the  inner  side  of  thi*  joint  on  the 
fliirsal  flSiWH't.  Thr  joint  wiw  utirneil. 
and  tho  pnijcrtioK  inner  pnd  of  tiie  ex- 
freiuity  of  the  nn^intarsM  bfine  rut  off. 
The  remttindiT  of  the  joint  left  intnct. 
DnuoAK^^u^  inserted  ;  no  »(itches. 


Sc«  desrriirtiMi  Dfoperalion,  p.  490. 


ItMIMU-k* 


"The  cartilnge  wnii  removed  hv  a  free  in- 
clFion,  and    a  lirninagv-tulM  waa  In- 
''       sened  into  the  jo«nL 


Lonptuflinal  Incision  over  tlio  front  of 

tlie  joint.     lF[jpt.>r  frjiifnii^nl   detAcbed 

H         fr*)ni  the  feniwr.      Rndu  of  frRi^mciiis 

f  refreshed  and  tied  fogethcr  with  Milver 

^     wire.      l>T&)aage    as    in    ihe    furin«*T 

\     _ 


A.4e[ttic  coiinte.  Wound  wax  quite  healed  nit 
July  9.  When  diM-harf^ed,  the  joint  was  quite 
movable  and  the  swelling  from  tbickeniitK  *'t 
the  sort  part«  much  luas.  ]n  a  note  received 
from  him  on  September  Iti,  tH70,  fiaticDt 
writ*'*:  'Tlie  prominence  on  the  inner  M«le  of 
the  fix>t  hiu  entirely  divappe-arvd,  and  I  have 
perfect  ut«  of  the  joint,  with  entire  absence  of 
pain.  I  can  walk  ten  mih^M  withont  any  in- 
coDvenicDce.'     (See  Chart  Xll.) 


Typical  coarw.  See  p.  -JSO.  When  the  patient 
was  diitcttarijed  the  movements  of  tJie  knee- 
joiitt  were  {lerfect  t)irou)(h  m\  an^le  nf  45'*,  and 
were  ditily  iinprovinf;.  Patient  euiild  kick 
viijoroui'Iy,    (See  Chart  XIII.) 


On  the  evening  of  the  dar  of  the  operation  the 
knee  wa*  very  pninful,  and  there  was  so  much 
(lifivhari^e  ihnt  it  was  ne^esnary  to  change  the 
itmall  dreMttnK  which  hud  been  applied  nt  the 
lime  of  the  oiierafion.  On  the  followin^j  mom- 
inii  the  tenipernture  was  up  to  lli2'M' K.,  ttoe 
knet*  waa  <tw<illrn  and  very  painful,  nnd  the 
drcMiin^H  wtTi*  saturated  with  di.-sdiarge.  There 
wiu*  a  Itlunh  (»f  refhiejw  aroiind  th»'  wonnd.  The 
4li(H'hsr)4e  hml  no  timfll.  I'his  Ktate  of  mattent 
|{4it  worite,  the  teniiwratnre  went  siill  hi»;h*r. 
and  for  ^evcraI  days  varied  between  101°  and 
lOIilJ".  i'he  discharge  from  tlie  jomt  heraini- 
puruh'nt  and  nn  inciunn  was  made  uii  the  outr 
fide  nf  the  patella  into  the  joint.  An  alMwess 
fornioit  in  the  ihi>;h.  and  was  o()«ned.  Ourin^^ 
May  mattem  Iwpnn  tn  improve,  find  g^rndually 
the  dinrhar^  diniiniKla>rl  Hud  the  vaHoUK 
woundt*  chuMil.  All  hail  lifaleil  on  SeptenilHT 
26.  The  knee  woa  nimoat  stiff,  but  it  wim 
poiwible  lo  n'^tslijjhtmnvenvent  UlhrnuB  auehy* 
Iimib).  Tlie  patient  waa  advised  to  rvturu  in  a 
munih  to  havt!  ihe  ndhetiiDns  ttroken  dowu,  but 
he  did  111*1  du  *j.     (See  Chart  XV.) 


Aseptie  course.  Stitcher  removed  on  October  2S. 
The  wounds  h'ld  completely  henle<l  on  Noveinber 
4.  On  Novetnber  W  the  patient  wan  put  under 
rhiorufurnr,  and  an  attempt  made  to  Wnd  the 
limb.  The  upper  fruKinent  had,  however. 
again  bect^>me  adherent  to  ihe  femur,  and  Id 
attempting  to  liend  the  limb  the  wire  broke. 
and  the  fragments  lipcame  fleparsted.  Tho  case 
was  re-operated  on  on  N*ov'nili«r  2(3  (see  No.  36). 
(See  Chart  XIV.) 

F    F   2 
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II.  OpeejS 

No* 

NuDouid  A^ 

Opotrntl^n,  And  Dli^ 
ebar^ ;  vltb  rttdlt 

IM«t«««               H 

S4 

MartluiF.,48  . 

FfacTure  of  patella  nf  eight  weeks'  cd 
pAtient  w&lka  with   ereat  dl%^ 

with  tbo  aid  of  sticks.                     jfl 

25 

,rcH»(ihB,,34    . 

OB..Nor.  2(1,  1880, 
Z>ij^  Fub,  6,  188U 
ifflraJf,  cured. 

2Q 

VVimjunG.,62. 

^(L,  June  Sip  1861, 

Op..  Junes*.  J8S1. 
Di$..  Au^r.  11,  ISai. 
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LTHY  Joints  {continued). 


OpcTAUon 


*At«d  on  In  the  Bain«  mannffr  as  the 
iwra  A  drainage-tube  ui*cd  for  the 
lut  instead  of  a  hone-hair  draio. 


perated  on  as  before.  No  drainafte 
the  joint  waa  Deciwaary.  Wound 
\  op«:n  in  part. 


t«d  like  Xo.  21. 


Rdniarki 


AmdIIc  course.  Xo  pain,  inflatnniBtian  or  con- 
BlUutionAl  dlBturbance.  Drainaj(«-tuheM  ro- 
moTpd  November  1*5.  Almcwt  healed  on  Novem- 
ber 5?2,  Quite  healed  on  November  27.  Seen 
on  May  81, 1881.  CouM  then  walk  comfortably 
without  a  atick,  could  roiitc  the  leer  from  the  bed 
and  flex  the  knei>,  bnt  the  flexi<jn  (x>uld  out  be 
carried  quite  to  a  right  angle.  (See  Cbart 
XVI.) 

Aa^tlc  coune.  On  December  8  everything  had 
healed  except  a  small  |uirt  of  the  gaping  ind- 
sioQ  where  ulood-olot  tilled  the  wouncL  On 
BCraptRg  away  tbe  ftupeiiirial  layer  of  this  dot* 
cfcatnaatluu  waa  fuuml  tu  hove  advanced  con- 
siderably bcneatli  it.  Seen  in  April  1881 ;  coold 
walk  comfortably  with  a  stick.  Could  not  raifie 
leg  ttam  bod,  but  waa  able  to  bring  it  forward 
in  walking.  Flexion  gradually  improving. 
Union  of  fra^ononla  good  ;  no  aeparatioa.  (Soe 
ChonXVU.) 

Aseptic  coone.  On  the  morning  of  the  24  th  (be> 
fnre  tbe  ofH^ration)  the  temperatnrc  was  10<.i'?°, 
in  the  evening  H)0-<j°  On  tbe  25th  T.  M.  11MJ°, 
R.  IWiO;  (lr»*«d.  2Ctb,  T,  M.  100-2^  K,  98  (P; 
drtwwd.  TTie  drun  was  not  acting  very  well, 
which  probably  accounts  for  the  cootiniicd 
elevation  of  temperature  on  the  25th  ;  aa  Mon 
afl  that  waa  put  right  the  T.  fell.  On  Mio  *i7ih 
T.  M.  99-4°,  E.  100-4°  On  the  28th  T.  M.  9<>8, 
E.  90-iI.  On  the  2»th  tab«  left  ont.  DroMCil 
again  on  Jaly  6.  Almott  entirely  healed  and 
•pray  (»topp©il  on  Julv  9.  A  minute  ^v^t  un- 
healed on  July  1.).  'fliu  tempvrntiir^  after  the 
28th  ranged  between  I'S-tf"  and  »lf8^.  Passive 
motion  could  be  readily  performed  without  any 
pain. 


^^ 


440 


HESXTLTS  OF  ANTISEPTIC  SUROERT. 


The  result,  then,  is  that  Mr.  Lister  has  since  the  end  of 
1871  treated  conservatively  in  hospital  40  cases  of  injuries  of 
healthy  joints  without  a  death,  and  in  only  one  case  (wounds 
of  joints,  No,  3),  was  there  any  necessity  for  further  operation. 
This  was  a  case  of  wound  of  joint  not  nmde  by  the  surgeon. 
In  only  one  case  in  which  the  joint  was  opened  by  Mr.  Lister 
did  suppuration  occur  (No.  22),  and  here,  as  I  shall  presently 
shew,  the  aseptic  method  had  been  imperfectly  carried  out. 

It  has  been  objected  to  these  cases  by  Mr.  Brjriint,'  that  an 
equally  good  series  of  cases  might  be  found  in  the  case-booki 
of  any  hospital*  It  may  indeed  be  that  in  some  instances 
equally  good  results  have  been  obtained,  but  I  venture  to  afBnn 
that  no  hospital  case-book,  recording  cases  not  treated  asepti- 
cally,  would  show  that  all  the  casts  treated  in  succession  had 
like  results.  It  is  as  an  integral  record  of  a  number  of  cases 
in  succession  rather  than  as  a  record  of  each  individual  case 
that  these  facta  are  iin]Kirtant.  There  will  no  doubt  be  found 
throughout  the  journals  isolated  examples  of  remarkable 
results  after  injuries  of  joint*,  but  then  only  the  successfol 
cases  are  published  ;  we  do  not  have  a  record  of  oZ/  the  caaev 
in  the  practice  of  a  jiarticular  surgeon ;  we  do  not  hear  of  the 
many  cases  where  failure  occurred,  or  where  conservative  treat- 
ment was  not  attempted.  Then,  again,  the  cafles  ordinarily  re- 
corded in  journals  have  not  been  treated  in  the  same  way  as  Mr. 
Lister's.  For  Mr.  Lister  not  only  n»akes  an  incision  into  a 
joint,  but  he  purposely  keej>s  the  communication  open  for  some 
days  by  means  of  a  drainage  tube,  and  he  does  not  83rringe  out 
the  joint  with  any  antiseptic  solution.  I  do  not  believe  that 
such  a  thing  could  be  d<»ne  with  a  poultice  or  other  septic 
dressing  without  the  occurrence  of  suppuration  in  the  joint, 
and  yet  among  Mr,  Lister's  26  operation  cases  this  only  hap- 
])ened  in  one  m.st^mce,  and  in  it,  as  I  shall  presently  point 
out,  we  have  complete  evidence  that  the  requirements  of  the 
method  hiid  not  been  efficiently  complied  with. 

'S\y.  Bryant  also  expressed  his  astonishment  that  Mr.  Lister 
shotdfl  rcgnni  tho  removal  of  foreign  bodies  from  joints  as  & 
jierfectly  safe  proccdiu-e  on  the  evidence  of  3  cases.  But  then 
it  must  be  remembered  that  every  case  in  which  a  joint  wns 
'  MacCorfflac's  A  Hfi*t'ptic  Surgery. 
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incised,  for  whatever  purpose,  proves  the  assertion  that  they 
may  be  ojicned  for  the  removal  of  foreign  bodies,  and  oo  at 
the  time  when  Mr.  Bryant  simke  the  evidence  rested,  not  on 
3  j)ubli8hed  cases,  but  on  20  cases  of  operations  and  12  cases 
of  tLCL'idental  wounds,  i.e.,  not  on  3  but  on  32  cases.  And  in 
reality  it  reat-ed  on  many  more,  for  this  record  only  represents 
Mr.  Lister's  practice  since  the  end  of  1871.  For  fi\^  yeiirs 
previously  Mr.  Lister  had  been  operating  on  joints  in  hospital 
with  success,  and  the  details  of  some  of  these  cases  have  been 
published.  And  in  private  practice,  also,  during  all  these 
years  Mr.  Lister  has  performed  a  number  of  openttions  on 
healthy  joints.  Further,  during  the  same  time,  many  of  Mr. 
Lister's  pupLIu  had  performed  similar  operations  with  similar 
Buccesses.  Thus  the  evidence  in  suii|)ort  of  Mr,  Lister's 
Ktatt^ment  is  sufficiently  ample  to  justify  it. 

It  was  further  st4it.ed  by  Mn  Bryant,  that  n  number  of  these 
cases  were  too  trivial  to  be  of  value,  but  I  venture  to  doubt  the 
force  of  this  argument.  For  I  do  not  suppose  that  an  incision 
into  a  carpal  articulation  will  be  regarrled  as  a  very  trivial  matter, 
and  we  have  in  the  list  only  3  cases  where  small  joints  were 
opened.  Hut  1  do  not  regiud  wounds  of  phalangeal  joints  as 
such  H  very  trivial  injury  after  all.  The  cases  of  com£>ound 
dislocation  of  the  phalanges  which  I  have  seen  treated  conser- 
vatively but  septically  have  almost  all  died.  It  may  be  that 
I  have  had  an  unlucky  experience,  but  I  have  seen  that  ampu- 
tation is  in  the  great  majority  of  cases  performed  for  these 
injuries,  and  that  where  they  are  treated  conservatively  and 
without  aseptic  precautions  a  great  risk  is  run.  Tlie  only  case 
of  wound  of  a  small  joint  not  treated  nseptically  which  lias 
cKX-urrcd  to  my  knowledge  at  King's  College  Hospital  during 
the  last  four  years  died  of  tetanns. 


In  speaking  of  ovariotomy  I  have  said  that  it  was  not  a  test 
case,  because  the  i)eritoneum  absorbs  fluid  so  quickly  that  the 
bacteria,  if  admitted,  have  no  fluid  in  which  they  can  develop; 
and  1  also  added  that  the  teat  case  would  be  where  there  was 
ascites  as  well  as  an  ovarian  tumour,  where,  therefore,  there 
was  flrn'd  in  which  organisms  may  develop.  Such  cases  have 
always  l>ecu  regarded  as  particuhu-!y  unfavourable  for  openition. 
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though  surgeons  do  not  as  a  nile  seem  to  have  understood  the 
reason  of  this.  A  correujwnding  condition  may  be  got  in  the 
case  of  joinUt,  more  especially  in  the  knee  joint  in  hydrops 
articuli.  The  ordinary  practice  in  such  cases,  if  they  refuse 
to  yield  to  the  ordinary  methods,  is  to  remove  the  fluid  by  as- 
piration* That  practice  has  been  found  to  be  perfectly  safe ; 
it  is  a  Bubcutauiiou«,  in  fact  an  aseptic,  o]}eration.  In  Kdinbnrgb 
in  2  cases  of  this  kind  (chronic  synovitis),  Mr.  Lister  made  in- 
cisions into  the  joints  and  introduced  a  drainage  tube.  Id 
neither  case  was  there  the  slightest  bad  result.  In  the  first 
case  the  drainage  tube  was  removed  on  the  fourteenth  day,  and 
the  wound  hesiled  a  few  days  later.  In  the  second  case  the 
drainage  tube  was  kept  in  a  few  days  longer,  and  the  wound 
had  completely  healed  in  five  weeks.  In  both  instances  the 
disease  was  cured ;  in  both  the  movements  of  the  joint  were 
perfect ;  in  neither  was  there  any  suppuration,  inflammation 
or  conHtitutional  disttu'banee.  In  King's  College  Hospitnl  Mr. 
Lister  has  made  incisions  in  3  cases  of  acute  synovitis  verging 
on  Bujipunition,  and  in  all  cases  with  cure  without  suppuration. 
In  these  cases  the  knee-joint  was  affected.  In  2  the  move- 
ments were  good  when  the  patient  left  the  hos[ntaL  In  ti>e 
other  movement  is  perfect,  but  the  leg  is  kept  in  a  silicate 
apparatus,  as  the  ligaments  have  not  yet  regained  their  finn- 
ness,  and  the  limb  is  apt  to  become  over  extended.  (In  this 
instance  the  inflammation  was  much  more  extensive,  affecting 
the  adjacent  portions  of  the  tibia  and  femm-  and  producing 
soft^ening  of  the  ligaments.) 

Then  I  must  mention,  that  Mr.  Lister's  practice  in  cases  of 
synovial  disease  of  joints  where  the  disease  progresses  in  spile 
of  rest,  counter-irritants,  &c,,  is  to  make  free  incisions  into  the 
joints,  and  introduce  drainage  tubes  into  them.  Tbis  is  done 
at  once,  without  waiting  for  the  formation  of  abscesses,  in 
cases  where  the  disease  is  progressing.  In  16  cases  so  treated 
since  1871  no  pus  was  present,  and  of  these  16  eases  11,  or 
68*7  per  cent,,  were  cured  without  any  further  treatment  (ex- 
cision or  amputation),  and  there  never  was  any  suppuration 
from  the  joint.  In  several  of  the  cases  considerable  move- 
ment was  obtained. 

The  cases  were : — 
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8  inoisioTu  into  the  knee-joint — no  pus— 7  oared  withoat  further  operation 

in  n  tarsM  „  2 

2        „  H         elbow  „         2  „  „ 

a         ..  ..  wriat  „  0  „  „ 

None  of  the  caseH  died. 

Then,  us  I  have  said,  where  suppuration  has  occurred,  the 
joint  is  also,  in  the  first  instance,  simply  incised  and  a  drainage 
tube  inserted ;  if  necessary,  further  measures  can  be  resorted 
t^  afterwards.  {)(  48  abscesses  of  joints  hiy  treated  27,  or  56*3 
per  cent.,  were  cure<i  without  further  operation;  and  iu  these 
there  was  no  more  formation  of  pus  after  the  incision. 

These  cases  comprised  : — 

19  HbMcesses  of  the  hip-joint — 13  cures  witJiout  farther  operation — 1  death 
11         „  „       knee  6     „  „  „  I      „ 

f»        ,.  „       tarNiu  3      ,.  ,.  ,.  1       , 

2         „  „       lihonlder        I      .,  „  „  —     #. 

H        „  „       elhow  I      ..  ..  «.  —    w 

7         ,.  „       wrist  4      „  „  „  —     „ 

There  were  three  deaths,  all  of  them  from  tubercular 
meningitis^ onfirTned  on  iiitst-mortem  examination.  One  other 
case  not  inchided  here  must  be  meiitioiieil.  A  ]iatient,  a  little 
child,  was  admitted  into  King's  College  Hospital  with  pyaemia 
after  scarlet  fever.  Abscesses  were  present  in  various  joints, 
and  as  they  were  causing  him  considerable  i>ain,  they  were 
opfiied.     Tlie  child  tlicd  two  days  later. 

Thus,  taking  all  the  cases  together,  we  have  109  instancefi 
where  joints,  healthy  or  more  or  less  diseased,  were  opened 
and  drjiiuHge  t  iib*'H  inserted  ;  and  of  these  109  cases  only  3  died, 
the  cause  of  dt^iilh  in  each  instance  being  quite  independent  of 
the  method  of  treatment  adopted* 

Leaving  Mr.  Lister's  practice  we  find  records  of  a  ninnber 
of  wounds  of  joints  in  the  practice  of  other  surgeons. 

A'olkmann,  in  his  first  report,  mentions  the  (recurrence  of 
7  wounds  of  joints  and  2  incisions  into  joints  for  loose  carti- 
lages without  a  deatli.  In  his  last  report  he  adds  24  cases  of 
penetrating  womids  of  jointjs  making  in  all  33  cases,  distributed 
as  follows,  without  a  death. 
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Knoe \h  0 

Wri«t 8  0 

Elbow t  0 

Foot 5  0 

No  details  of  theae  cases  are  given,  and  we  do  not  therefore 
know  whether  anj  further  operative  interference  was  necessaiy. 

In  his  paper  on  compound  fractures,*  Volkmann  adds  the 
fact  that  21  compound  fractures  passing  into  joints  were 
treated  without  a  death.  With  regard  to  these  last  21  cases, 
We  have  some  further  particulars.  In  2  instances  resection 
was  at  once  performed  ;  in  5  resection  was  performed 
secondarily ;  in  3  amputation  was  performed  secondarily  ;  in 
10  there  was  perfect  recovery  with  freely  movable  joints  ;  and 
in  I  case  there  was  recovery  with  anchylosis,  but  the  treatment 
was  not  commenced  in  this  instance  till  thirteen  days  after  the 
injury,  and  the  joint  was  then  already  suppurating.  In  all 
these  cases  there  was  extensive  injury  of  the  bones  as  well  as 
wound  of  the  joint.  In  3  cases  the  secondary  operation 
was  performed  because  the  patient  was  not  admitted  for  some 
time  after  the  injury,  and  the  joints  were  already  suppurating; 
in  one  case  the  supervention  of  gangrene  rendered  it  necessaiy, 
and  in  the  ntlier  cases  the  natiu*e  of  the  wound,  mal{)osition  of 
the  fragments  or  suppuration  of  the  joint,  required  it.  Of 
course  in  considering  eases  of  wounds  of  joints  it  must  always 
be  remembered,  that  one  can  never  be  certain  that  all  Ibe 
causes  of  putrefaction  already  present  have  been  destroyed,  and 
therefore,  the  ijrobable  result  is  very  different  from,  i.e.  much 
more  uncertain  than,  thai  where  the  surgeon  makes  the  wounds 
himself,  and  where,  therefore,  he  has  merely  to  exclude  these 
causes.  This  is  well  illustrated  in  the  case  of  compound 
firactures. 

Max  Schede,  in  his  work  on  amputations,  states  that  h6  has 
treated  15  cases  of  compound  friu;ture  in  which  joints  were 
opened.  Of  these  10  were  treated  conser\atively  and  healed^ 
in  9  instances  (5  of  elbow,  2  of  hand,  and  2  of  foot)  with 
movable  joints,  in  I  with  anchylosis,  where  the  case  was  not 
admitted  for  some  time,  and  where  there  was  extensive  oom- 

*  *  Diu  Ituluindlung  'ier  complicirten   FraoLur«D»*    VitlkittaHH^t  Sammttnt0, 
Nob.  117-118. 
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minution  of  the  tibia,  numerous  portions  of  which  necrosed. 
In  2  cases  amputation  was  necessary  on  account  of  gangrene  ; 
in  1  case,  which  was  not  admitted  till  ten  days  after  the 
injury,  secondary  amputation  was  performed;  iu  1  case  of  elbow 
injury  a  partial  secondary  resection  was  necessary,  and  in  1 
case  death  occurred  from  trismus,  the  patient  not  having  been 
admitted  till  the  thirteenth  day  after  the  injury,  when  the 
joint  was  already  suppurating. 

Taken  together  with  Volkmann's  54  cases  we  have  69  cases 
with  1  death.  With  Mr.  Lister's  40  cases  we  have  a  total  of 
109  cases  of  injuries  to  or  operations  on  healthy  joints  with  1 
death,  a  death  which  ought  not  to  be  reckoned  at  all,  for  the 
patient  was  not  treated  aseptically  from  the  beginning. 

Both  Volkmann  and  Schede  mix  up  the  cases  in  which 
treatment  was  commenced  at  once  with  those  in  which  the 
patient  was  not  admitted  for  some  days  after  the  injury,  and 
where  the  joint  was  already  suppurating.  If  we  separate 
these  cases  from  the  36  instances  of  compound  fractiures  with 
wounds  of  joints,  of  which  we  have  details,  we  find  that  28 
came  imder  treatment  within  forty-eight  hours  after  the 
oocurrence  of  the  accident,  and  of  these  19  recovered  with 
movable  joints ;  in  2  cases  primary  and  in  4  cases  secondary 
resection  was  necessary,  and  in  3  secondary  amputation  was 
performed  (twice  for  gangrene).  t>n  the  other  hand,  of  the 
8  cases  which  did  not  come  under  treatment  till  forty-eight 
hours  or  more  had  elapsed,  none  recovered  with  movable 
joints,  2  recovered  with  stiff  joints,  4  required  secondary  re- 
section, 1  secondary  amputation,  and  1  died  of  tetanus.  Of 
course  in  judging  of  the  effects  of  the  aseptic  or  other  method 
of  treatment  in  preventing  the  had  effects  liable  to  follow 
wounds  of  joints*  the  latter  flass  of  cases,  where  treatment  is 
tiot  commenced  for  several  days,  ought  to  be  excluded. 

Piud  Biirth  '  published  in  1877  the  results  of  the  cases  of 
wounds  of  the  knee-joint  which  had  been  treated  in  the  hospital 
at  Basel  since  1873.  They  were  10  in  number.  Of  these  9 
recovered  with  movable  knee-joints  and  one  died  of  exhaustion. 
The  latter  was  a  case  of  compound  fracture  of  the  [latella  along 

'  Mn  Biritrag  zur  Behandlung  40r  yeffarirsnd&n  Wunden  du  JTvti/yo/cw^j, 
by  Paol  Barth.  Bawl.  1877. 
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with  injury  to  the  right  side  of  the  head  and  fracture  of  the 
lower  ends  of  both  radii ;  the  result  of  a  full  froni  the  first  floor 
of  a  house  to  the  street.  For  four  days  things  seemed  to 
be  going  on  well,  and  then  the  patient  l»egan  to  complain  of 
pain  in  the  knee.  The  wound  on  the  forehead  began  to  sup- 
purate, aud  the  bono  became  bare.  The  patella  also  necrosed. 
An  abscess  formed  in  the  thigh,  and  the  jms  had  a  foul  emell. 
The  patient  sank^  exhausted  from  the  prolonged  auppuratioDS, 
about  six  months  after  the  injury.  In  this  case  purificatiou 
had  not  in  all  iirobability  been  successful  in  the  first  instance. 
Among  these  10  cases  we  have  6  which  were  seen  soon  after 
the  injury:  the  other  4  having  come  under  treatment  several 
days  later  when  aujipuration  was  commencing,  or  had  already 
begun.  The  success  in  purifying  the  wounds  in  these  4  cases  is 
remarkable;  they  all  recovered  with  movable  joints.  In  puri- 
fying them^  the  wound  was  swabbed  out  with  chloride  of  liuc, 
and  then  irrigated  with  strong  carlxjlic  lotion,  several  counter- 
openings  being  also  made.  The  successful  disinfection  in  these 
cases  was  a  piece  of  luck,  for  one  can  by  no  means  reckon  on 
anything  like  such  a  result. 

Saxtorph  of  Copenhagen  has  published  the  results  of  his 
aseptic  practice  in  removing  foreign  bodies  from  joints  by  free 
incisionJ  He  has  had  12  cases,  11  being  cured  and  one  end- 
ing fatally.  In  this  ease  the  patient  took  off  the  antisepbc 
dressing,  suppuration  ensued,  and  the  patient  died. 

Piechaud  '  has  collected  a  number  of  cases  of  incisions  into 
joints.  He  gives  4  cases  of  hydrarthrosis  of  the  knee-joint 
which  were  treated  by  free  incisions  and  aseptic  drainage. 
They  were  operated  on  by  Panaa,  Poinsot,  Saxtorjih  and  Lind- 
paintner.  In  3  of  the  cases  there  was  perfect  cure  willi 
free  movement  of  the  joint.  In  the  fourth  case,  in  a  strumot» 
subject,  there  was  some  fear  that  sjmovial  disease  was  going  lo 
develnp,  and  therefore  the  patient  was  discharged  wearing  a 
silicate  apparatus  with  which  he  could  walk  about  without  paiin. 

Piechaud  mentions  3  cases  of  dislocation  of  the  thumb 
where,  in  order  to  reduce  the  dislocation,  free  incisions  wct« 


'   Clinigu^  Chirurffieale. 

'  De  la  ponetion  et  dr  Vineitivn  dant  U»  vialadiet  artieHtairet, 
T.  Pitehaud.  Paris.  1880. 
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made  into  the  joint.  All  recovered  with  retention  of  the 
normal  movements.  In  n.  fourth  aise,  the  finger,  which  was 
otherwise  much  injured,  became  inflamed,  and  amputation  was 
y^erformed  on  the  following  day,  Piechaud  lUso  states,  that  in 
the  course  of  the  year  he  had  seen  in  M.  Labbe's  clinique  at 
the  Lariboisi^re  several  similar  cases  where  wounds  of  the 
phalangeal  joints  healed  by  first  int-tmtion  when  treated 
aiieptically. 

Professor  Nussbaum,'  states  in  his  work  on  aseptic  treatment, 
that  *  this  method  opens  up  a  new  field  to  surgeons.  By  the 
aid  of  these  precautions,  joints  and  the  cavities  of  the  body  may 
be  opened  without  danger,*  This  is  his  experience  in  an  un- 
healthy hospital. 

Professor  Albert*  of  Innsbruck  says  ;  '  Die  operative  ErofT- 
nung  seroaer  iind  sjmovialer  Hohlraumen  die  bei  ofFener  Wund- 
behandlung  regelmassig  zur  Eiterung  fuhrt,  fiihrt  unter  Lister 
nicht  zur  Eitening.  Man  kann  Hydrocelen,  Gelenke,  Schleim- 
bctitel  ohne  G^efahr  erofFnen.* 

Professor  Hueter  of  Greifswald  says ;  '  it  ia  with  reason  that 
I  said  in  1870  that  puncture  of  joints  ought  to  t>e  considered 
as  a  dangerous  operation ;  it  is  with  as  much  reason  that  I  now 
affirm  (1876)  that  one  can  practice  this  operation  without 
danger.  I  based  my  first  opinion  on  the  septic  accidents  con- 
Bccutivo  to  the  inflammation.' 

M.  Letievantof  Lyons  also  says:'  '  Des  tentativesop^ratoires 
nouvelles,  tr^s-graves,  devant  lesqnelles  on  pouvait  hdsiter,  ont 
pu  etre  mises  en  application,  et  si  je  n'avaia  eu  la  s6cunte  que 
me  donnent  mes  Htntiwpies  et  une  pratique  deja  longue  du 
pansement  list^rien,  je  n*aurais  jamais  ose  ouvrir  largement  dea 
grandes  articulations,  les  luxer  [>our  les  nettoyer,  remettre  les 
OS  en  place,  drainer  et  conduire  la  plaie  a  guerison,* 

Kraske  gives  details  of  all  the  gimshot  injuries  of  joints 
treated  at  Halle  aseptically.*  Tliey  were  4  in  number,  and,  in 
all  the  cases,  the  knee  was  the  joint  involved.  In  one  case 
the  movement  was  perfect,  healing  having  taken  place  without 


'  Lit patuement  antUeptiqve^  lf>BO. 

'  Lekrbufih  der  Chirvrgi^.    Wien,  1877. 

■  Note  sur  le  Pansement  antueptiqitc  Listfrien. 

*  Lunge ubeck'if  Art*k%v^  vol.  xxiv. 


Lyon.  1880. 
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the  occurrence  of  suppuration.  In  a  second  it  was  not  a 
lutely  perfect,  but  it  was  almost  right,  and  was  improving  ;  n 
suppuration-  In  a  third  the  movements  were  good  as  far  as 
a  right  angle,  when  the  patient  left  the  liospital.  In  the 
fourth  case  the  patella  was  very  much  broken  up  bj  the  buliet 
and  portions  of  the  bone  afterwards  exfoliated.  The  wotind  had 
quit«  healed  in  two  months.  When  the  patient  was  discharged 
about  two  and  a  half  mouths  after  the  accident,  the  jMiteUa 
was  freely  movable  and  the  joint  could  be  moved  by  the  sur- 
geon to  an  angle  of  150°-  The  patient  did  not  return  to  have 
the  passive  motion  ke[)t  up,  and  when  seen  a  year  after  the 
accideut,  the  joint  was  anuhylosed, 

I  have  already  alluded  to  the  remarkable  results  obtained 
by  Dr.  Carl  Keyher*  during  the  recent  Russo-Turkish  war,  and 
I  nmst  now  mention  in  detiiil  these  results  in  cases  where 
joints  were  injiued. 

Rcyher  divides  the  cases  treated  into  *  Primary  antiseptie 
cases,*  '  Secondary  antiseptic  cases,'  and  •  Non-antiseptic  caaes.* 
By  *  Primary  antiseptic'  cases  he  means  those  which  wer« 
treated  aseptically  from  the  very  first,  and  which  had  not  been 
examined  beforehand  with  dirty  fingers  or  instrument*,  or 
treated  in  any  way.  In  these  cases  Reyher  either  washed  out  the 
wound  with  an  antiseptic  solution,  removed  any  foreign  bodiw 
present,  drained  and  treated  aseptically,  or  he  did  not  waAh 
out  the  wound  at  all,  but  simply  contented  himself  with  purify- 
ing the  exterior  and  applying  an  antiseptic  dressing.  In  the 
latter  cases  he  trusted  to  Esmarch's  idea  that  the  bullet  would 
not  carry  duHt  into  the  interior  of  the  wound.  The  former 
practice  was  adopted  where  the  wound  was  gaping,  and  where 
there  was  a  aus{)icion  that  portions  of  clothing,  &c.  had  been 
carried  in  with  the  bullet ;  the  latt^?^  practice,  where  the  edges 
of  the  skin  were  lying  together,  and  where  it  was  thought  tint 
the  bullet  had  not  carried  any  extraneous  matters  with  it.  Bj 
*  Secondary  antiseptic '  c^ses  he  means  those  which  had  beeii 
examined  or  treated  in  some  way  opj)osed  to  aseptic  principle* 
before  coming  into  his  hands.  In  a  few  cases  suppuration  hwl 
already  commenced.  He  tried  to  piu-ify  these  wounds  by  washiug 
them  out  with  carbolic  lotion,  but  the  attempt  was  seldom 
'  Volkmann's&iwm/tfH^.  Kos.  I42-M:i.  1B78, 


I 


nUKSHOT   WOUNDS  OF  JOISTS.  440 

successfal.  They  are,  therefore,  as  I  have  already  pointed  out, 
cases  tre;ited  with  antiseptics,  not  aseptically.  The  '  Non- 
antiseptic  cases  *  were  treated  either  with  dry  dressing,  or  with 
some  watery  or  oily  apjilicution  containing  an  antisejrfie. 

Reyber  demonstrates  completely  that  all  the  cases  which 
he  mentions  were  perfectly  companible  injuries,  and  that-  the 
results  must  therefore  be  due  to  the  different  ways  in  which 
the  jjatients  were  treated.  Every  case,  with  the  exception  of 
very  severe  wounds  caused  by  shell,  was  treated  at  the  be- 
ginning conservatively. 

Forty-six  cases  were  treated  by  'primary  antirieptics,*  and 
of  these  6,  or  13  per  Rent.,  died.  M''ith  ri'^ird  to  these  46 
cases,  however,  primiry  resection  was  performed  in  19,  and  of 
these  2  died,  leaving  27  cases  treated  conservatively  with  4 
deaths,  or  a  mortality  of  14"8  per  cent.  The  following  wera 
the  joints  which  were  injured  : — 

f^linuMer       ....  I  1  (I               0 

Elbow 2  a  l>  — 

Hip 1  i>  I  100i».  c. 

Knee 18  15  3  16-fi  „ 

Kool h  5  0              — 

Total    .27  X3  4  14-8  „ 

Eighteen  of  these  cases  were  trejited  without  washing  out 
the  wound  ;  in  0  the  wound  was  washt*d  out  and  dmined.     In 

none  <if  the  27  was  reset-ti.iii  or  ampntutioii  nfcessjiry. 

The  causc-s  of  fle-;ith  in  the  A  fntal  case^  were  as  follows; — 
In  the  injury  of  tli»'  liijt-joint  iu-nte  inHanimaliou  and  septic 
t^uppunititnj  ort'urriMl :  la-re  it  was  fiHiiul  that  tht*  bullet  hiui 
curried  in  a  ]K)rliou  of  the  clothing.  Out*  c;ise  of  knee-joint 
injury  died  from  fatty  emholisin  within  twenty-four  hours.  One 
knee-joint  case  died  im  the  fifth  day  fr<iin  hH-mnrriiaifT  fi'imi 
the  divitled  [lopTileal  urtt*ry  and  vriii.  'I'he  fnurth  ea«e  had 
not  died  whrn  the  rt|Mirt  was  issued,  but  a  fata!  result  was 
eoiisidernl  n'rluin  frnm  !i(*e(i<'  fever  and  diibise  siippimd]f>n  ; 
1  have  therefore  inehuli-d  it  anii»ng  the  fatal  eases. 

Seventy-eight  cases  were  treated  by  'secondary  antiseptics,' 
and  of  these  4H,  or  f>l'0  per  emt.,  died.  Of  the  reiiiainini;  3(> 
cases,  only  H  ultimately  retainer!   llu'ir  linihs,  secondary  resec^ 
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tion  being  neccRsary  in   15  cases,  and  secondary  nmputatioi 
in  7. 


Shonldor-joint 
Elbow  . 
Hand  . 
Hip  . 
Knee 
Anklt^  . 
Tureus  . 
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\ti  cHuses  ot  fleatti  were  in  i^  en^tes  pyaMniu ;  in  IR,  septic 
niHimimations;  in  4,  very  acute  suppuration  of  the  joint;  ia 
9,  hectic;  in  1,  carbolic  acid  poisoning;  and  in  1  there  wa»j 
jaundice. 

Contrasted  with  these  two  sets  of  cases,  there  were  62  wber»! 
no  !iTitisej)tic  precautions  were  taken.     Of  theae  39,  or  62*9  jierj 
cent,,  h:id   died   when   (he  first   report   was  issned,  but    in   tliei 
Appendix  we  are  told  that  1>  more  had  died,  the  tnortiditv  bein| 
thus  rained  to  77*4  j>er  cent.     The  causes  of  death  in  the  3! 
cases  were,  in   23,  fmin  jmeniia  ;  in  6,  from  septic  infhimma- 
tions ;  in  6,  from  hectic  ;  and  in  I  llie  cause  was  unknown. 

The  joints  involved  were  (first  report)  : — 
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The  amended  table  u  month   or  two  hder  would  iirulnbH 
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One  additional  case  died,  but  I  do  not  know  what  joint  was 
injured.  The  number  of  limbs  treated  ultimately  conserva- 
tively is  not  mentionod, 

A  similar  result  is  obtained  if  similar  injuries  are  compared. 
Thus  take  the  woimds  of  the  knee-joint ;  and  first  the  cases  in 
which  the  bullet  became  embedded  in  the  bones  and  in  which 
conservative  treatment  was  tried. 


TroatMrnnwTTH-      Inbt-rniwHAto    '        Sii^u.lrtry 
iivH>'b>enil            aiuputulion      ^       ainpul-HrLlmt 

i 

—                              _              1              — 

'1 

.i 

P 

1  11' 

Primary  antiseptic     .4       ()■      4      —  1  —     —     — 
Secondary  antisepiic      0       8       8       0       2       2        1 
Non-antiseptic  .         .o'4|4       —     —     --0 

1 

5 

5 

4     —  1 

u  93-3; 

9    100  1 

1 

These  facts  are  surely  striking  enough.  Out  of  28  cases 
of  wound  of  the  knee-joint  where  the  bullet  became  embedded 
in  the  bones  only  5  lived,  and  of  these  four  were  treated  asej)- 
tically  and  retained  their  limbs.  One  case  recovereii  which  was 
treated  with  '  secondary  antiseptics,'  but  only  after  secondary 
amputation. 

Tlte  results  are  equally  striking  if  we  take  all  the  cases  of 
wound  of  the  knee-joint. 
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*  Had  died  at  time  of  report. 
(The  last  line  must  be  amended,  for  ultimately  only  1  of 
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Hence 
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these   23   non-autiseptic  cases  lived, 
mortality  was  95*fi.) 

Thus,  of  18  aseptic  cases  15  recovered,  all  with  19 
joints.  The  onuses  of  <leath  in  the  3  aseptic  cases  al 
on  p.  449. 

Of  63  cases  treated  otherwise^  7  recovered  (5  after 
1  with  a  sf  iff  knee,  and  iu  1, 1  think,  the  knee  was 

These  results  are  surely  convincing.     Keyherti 
*  Das  Bcheint  niir  eben  das  Bemerkenswerthe  zu 
dass    Knieschiisse   conservativ    heilten,  sonderu .  das9  1 
KniesohiisHen  welche  mir  ohne  Auswahl  auf  dcm  Y 
zugingen  und  welche  an  Schwere  der  Verlet4Eung 
nicht  nachstehen,  ein  so  jejtossit  I'rocentKHta;,  uamlicl 
eent.  niit  Erhaltung  und  Beweglichlceit   des  Gelei 
ist.'  

Rergruami '  alsii  got  some  remarkahle  results  by  ft 
jnutluhl  of  treat  meni  during  the  same  war.  When  the 
M-as  valvular  he  did  not  wash  it  out  at  all,  but  dnaply  { 
the  exteric^r  and  applied  an  aseptic  dressing.  'Aft 
storming  of  Telisch  and  Gomi-Dubnik  15  cases  of  coufl 
fracture  of  the  knee-joint  came  under  treatment,  mere 
of  the  capsule  being  excluded  from  the  list.  Of  these 
covered,  2  after  ;injputation,  and  1  died,  also  after 
(MacCormac.) 

In  com]>aring  these  results  from  gunshot  injuries 
obtained  by  other  surgeons,  MaeCornuic  siiys:  *  Hennen,  | 
and  Guthrie  all  agree  that  gunshot  wounds  of  the  kncj 
demand  imiputation,  as  the  result  is  otherwise  fatal*  Q 
states  in  his  book  that  he  cannot  recollect  a  case  o^^ 
after  gunshot  fracture  of  the  articular  ends  of  t^| 
Ixjngiaore  tells  us  that  in  the  Crimea  not  a  single  man  w<3 
in  the  knee-joint  recovered  without  amputation.*  Such 
ments  at  once  do  away  with  any  objection  which  mij 
made  to  Reyher's  rases,  to  the  t'tteet  thai  18  is  a  ver] 
number  of  cast's ;  for  miiong  these  there  were  no  less  L] 
recoveries  with  movable  joints,  a  result  not  obtained 
according  to  Lougmore  throughout  the  Crimean  war,  ai 

'    fkher  dir  Bekandlttug    der    Seku4»jvunden  dvi    KnirffvUnks  t»- 
8lutl^ar(»  1876. 
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method,  wliether  it  be  carried  out  by  operatiag  subcutane- 
ouslj,  or  by  making  a  cruat,  or  by  the  use  of  antiseptics  in  the 
niJUiner  reeomimMidtM]  by  Mr,  Lister.  The  latter  is,  I  l»t;lufve, 
the  only  method  by  whii-h  a  wound  in  a  joint  may  Ix*  kepi 
widely  o|jen  for  some  days  without  the  occurrence  of  inHaiiuiia- 
tion  or  sii]»puration.  In  tmler,  however,  to  obtain  this  result,  it  is 
neeessary  to  oliaervetlie  minutest  j^recautions  before  detailed, 
and  to  act  in  the  very  strictest  manner  in  accordance  with  the 
]»:ir(icnl,itf'  theory  of  ft^rinenlation.  It  in  the  omission  of  this 
care  whirli  hads  in  \\w  f;iihirL'rt  whieh  are  recorded  as  failures 
of  the  aseptic  methwJ,  but  which  are  really  failures  on  the  |)Bit 
of  the  surgeon  who  atteinpled  to  curry  it  out.  Surgeons  are 
too  apt  to  regard  the  omission  of  details,  such  as  the  puriti- 
cation  of  handA  or  iufltruments,  as  '  trilling  oversights,'*  and 
it  is  by  so  doing  that  tlu'v  fail  to  obtain  ihr  results  they  are 
led  to  expect,  and  that  we  have  such  an  amount  of  contradictory 
evidence  before  us. 

That  no  ]>recauHon  is  too  minute  to  be  attended  to,  is  well 
illustrated  by  Mr.  Lister's  case  of  removal  of  loose  cartilage 
from  the  knee-joint  {So,  22,  p.  434),  which  was  referred  t«  by 
him  lit  the  meeting  of  the  liritish  Mediufil  Association  ut  Cam- 
bridge in  1880.  The  case  was  one  of  l<.H>se  cartilage  in  the 
knee-joint  of  a  strong  healthy  man  whieh  was  removed  with 
aseptic  precautious  by  Mr,  Lister.  The  operation  was  per- 
formed on  Ajjril  1^,  1H8(>,  ami  there  was  no  difticulty  in  its 
perf<innance.  After  the  cartilage  had  been  removed,  a  drainage- 
tube  was  inserted  into  the  joint,  and  a  small  dressing  was 
applied.  The  same  evening  the  discharge  waa  so  profuse  that 
the  dressing  had  to  be  changed.  The  diseharge  had  no  sinell, 
aiiil  I  may  say  that  throughout  the  case  it  was  entirely'  free 
frt)m  odour. 

On  April  13,  twenty-four  hours  after  the  operation,  a  Bpeci- 
men  of  tlie  discharge  was  t^dcen  from  the  drainage-lube,  and 
after  staining  with  methyl  violet,  it  was  found  to  be  fall  of 
organisms.  These  organisms  were  very  small,  and  on  oureful 
examination  they  were  found  to  be  of  a  distinctly  oval  form 
and  arranged  in  ]fairs.     In  some  }>art8  it  was  very  diilicuU  to 

*  See  Mr.  Holmes's  report    of  a  case  in  which  he  operated  for  tinumted 
(rnclure  of  the  patella  in  the  6t.  OeorgoV  Hospital  Uepori«  for  1880. 
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say  whether  they  were  round  or  oval  (see  Plate  V,  Fig.  36). 
There  was  none  of  the  characteristic  grouping  of  micrococci,  no 
threesi  in  triangles  and  no  pairs  side  by  side.  This  was  seen 
not  to  be  due  U\  their  being  all  in  pairs,  tor  chains  of  several 
individuals  were  found,  but  nowhere  the  micrococcal  grou|>ing. 
Again,  in  a  spct-iinen  of  iliis  pus  kept  uioist  on  a  slide  for 
twenty-four  hoiu-s,  very  long  chains  were  found,  but  no  masses 
or  t^'jncal  micrococcal  formation.  Hence,  from  the  microscopi- 
cal exauunation  alone,  I  conchul«'d  that  these  organisuis  were 
not  ordinary  micrococci,  and  othrr  evidence  will  Iv  mentioned 
immediately  which  supports  this  view.  They  were  probably 
Imcteria  or  inieroctx'ci  of  a  jtt'culiar  kind  not  causing  jriitrefac- 
tlt*e  fermentation,  but  the  products  of  whosL*  gn>wtl»  were  very 
irritating,  for  that  is  the  only  way  of  accounting  for- 1  lie  ]>n»ruHe 
discharge  from  tlte  int^'Hor  of  the  joint, 

Kedness  occiured  around  the  wound,  and  s]>read  a  little 
difitAnce  up  the  thigh.  In  the  meantime,  the  patient's  tem- 
|wrature  became  high  and  the  constitutional  disturbance  was 
considerable. 

On  April  15,  there  was  Htill  profuse  discharge,  now  distinctly 
purulent,  but  no  smell;  and  in  the  stained  sjK*cimens  of  the  dis- 
charge taken  on  this  day,  the  organisuis  presented  exactly  the 
same  chiu-acters  as  on  the  13th. 

On  the  ICth,  a  quantity  of  pus  was  pressed  out  of  the  joint; 
an  incision  was  also  made  into  the  inflamed  part  in  the  thigh 
and  a  quantity  of  8er<.>-piu*ulcnt  matter  escajted.  A  dminage- 
tube  was  inserted  into  this  abscess. 

On  April  18,  the  state  of  matters  continued  the  same.  In 
the  stained  sjiecimens  of  this  day's  discluxrge,  nimierous  organ- 
isms were  seen^  many  of  which  were  distinctly  oval  in  form, 
but  a  large  number  were  round  (Fig-  37,  Plate  V),  Twu  flasks 
of  cucumber  infusion  were  inoculated  from  the  wound  on  this 
day,  but  no  development  iK'curred  in  thern. 

In  spite  of  the  incision  into  the  tliigii,  the  suppurative  in- 
flammation spread,  and  a  large  abscess  cavity  was  soon  formed. 
As  the  drainage  of  the  joint  was  not  good,  an  opening  was  made 
on  the  outer  side  and  a  druinuge-tube  inserted.  There  was 
distinct  improvement  after  this.  The  acuteness  of  the  process 
soon  began  to  abate. 
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On  April  22,  the  discharge  from  the  drainage-tube  ^f  the 
absceHS  was  f'oiintl  to  ct>nt;iin  orgiuiisnii*  of  the  Banie  characters, 
though  fewer  in  number  than  formerly  ('Fig.  38,  Plate  V). 
On  thia  day  a  flask  tontaining  meat  infusi'm,  and  one  con- 
taining cticuniber  irifiisioii,  were  inoculated  with  discharge  from 
thia  abscess,  but  no  derelftpjnejit  occurred  in  either. 

The  state  of  nuiiters  continued  wilh  but  slight  improvement, 
and  organisms  were  always  present,  tlumgh  not  so  numerous  as 
at  first.  On  April  27,  a  flask  containing  alkalineii  ciicitviber 
infusion  and  a  fresh  effij  were  each  inoculated  with  discharge 
from  the  inner  side  of  (he  knee,  but  hx)  devd^fpiiieui  occurred 
in  eitiier.  And  on  April  30,  two  eggs  were  inoculated  with 
discharge  from  the  outer  side  of  the  knee  without  any  result. 

On  May  9,  discharge  taken  from  the  abscess  cavity  showed 
the  presence  of  orgimisms  few  in  number  but  possessing  the 
Bame  characters  as  formerly.  A  flask  of  pure  vitreous  huiaonr 
of  a  sheep  and  a  flask  of  ordinary  citcu7)iber  infusion  were 
inoculated  from  the  abscess  cavity.  Nothing  developed  in 
either  fluid. 

With  regard  to  the  ultimate  residt  in  this  case,  I  may  say 
that  improvement  now  began^  and  healing  was  complete  and 
the  limb  restored  to  a  sound  state,  during  the  month  t)f  Sep- 
tember, though  there  had  been  very  little  indeed  to  heal  for  a 
month  or  six  weeks  previously.  There  was  a  considerable  de- 
gree of  fibrous  anchylosis.  The  patella  was  quite  movable 
lateral ly,  and  there  was  a  little  movement  between  the  tibia 
and  femur,  when  the  patient  was  discharged. 

Now,  first  as  to  the  nature  of  these  orgauismp.  They  were 
certainly  not  ordinary  micrococci,  for  they  had  not  the  same 
appearance  or  mode  of  growth,  and  also  they  did  not  grow  in 
any  of  tlie  various  materials  into  which  they  were  introduced. 
The  micrococci  of  which  I  have  spoken  iu  a  former  jxirt  of  thia 
work,  and,  indeed,  any  which  I  have  as  yet  come  across,  would 
have  grown  with  great  readiness  in  seveml  of  these  fluids. 
This  was  evidently  a  peculiar  form  of  organism  (probably  bac- 
terium), not  causing  putrefactioa,  but  nevertheless,  locally  of  & 
very  noxious  charaeter.  Had  it  not  been  for  the  microscopicnl 
examination,  one  might  have  concluded  that  no  organisms  were 
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present  and  been  puzzled  to  explain  the  phenomena  on  nnti- 
Beptic  principles,  on  the  supimsitiun  thut  urgauiKniB  were  absent. 
How  did  they  get  in?  If  (he  usfptie  iaotho<l  ia  sufficient, 
aa  I  Lave  jissi'rted  it  is,  how  wero  these  organisms  admitled? 
Aa  we  have  already  seen,  the  only  organisms  which  usually  get 
into  a.sHptie  wounds  are  niicroeocei.  Hero  the  organianis 
differed  in  many  reapectrf  from  those  ordinarily  found,  and  the 
ordinary  fonna  of  micrococci  were  absent.  Hence  they  probably 
did  not  get  in  in  the  same  way  as  micrococci  iisnally  do,  that  is, 
as  I  have  previously  shown,  through  the  dressing;  for  the  ordi- 
nary forms  of  micrococci  are  the  JirHt  to  enter,  and  would,  I 
think,  have  been  found  h:ul  that  been  the  ex|ilanatinn.  Not 
only  BO,  but  these  orgiinisms  mu«t  have  got  in  at  the  time  of, 
or  very  soon  after,  the  operation,  in  order  to  be  present  in  such 
numbers  on  the  next  day  luid  also  to  account  for  the  unusual 
amount  of  discharge  on  the  evening  of  the  operation. 

And  they  did  not  get  in  through  the  circulation,  for  there 
also  micrococci  are  found  as  a  rule  first,  and  here  there  was  no 
disturbance  of  the  general  health  to  account  for  their  existence. 
Whence,  then,  did  they  come?  Were  they  perhaps  spon- 
taneously generated  ?  Truly  an  awkward  sort  of  sijoiitancous 
generation  for  the  patient !  But  why  should  the  mere  removal 
of  a  loose  cartilage  from  a  joint  lead  to  the  spontaneous  develop- 
ment of  organisms  in  it  ?  There  was  no  formation  of  a 
vacuum  in  the  joint.  There  was  no  change  in  the  physical 
forces.  There  was  no  introduction  of  cheese  a  la  Bastian  into 
the  wound.  If  organisms  were  to  develop  spontiLneously  in  the 
joint,  why  did  they  not  do  so  the  day  before  the  operation 
rather  than  immediately  after  it  ?  I  need  not  pursue  the 
many  arguments  agiiiust  this  view ;  for  we  have  previously 
seen  that  in  exact  proportion  to  the  care  in  making  experi- 
ments do  the  facts  supposed  to  favour  spontaneous  generation 
disappear. 
I  Two  explanations  therefore  remain.     Either  we  had  here  to 

deal  with  some  form  of  resisting  spore,  or  with  one  which 
I  escaped  the  action  of  the  carbolic  acid,  or  there  was  some  loop- 
^H     hole  in  the  method.    The  former  supposition  I  am  inclined  to 

L 
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reject,  for  various  reasons  which   1  cannot  discuss   here:  we 
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have  certainly  had  no  y>revious  ejcperience  of  bacteria  resisting 
the  means  employed. 

Thenr  was,  liowener,  I  belit'Vis  a  vpry  distinct  lo4>[Khol<'  in 
*he  iin.'fliiid  hs  pnictiged  at  tlint  time.  This  is  alhuK-d  to  at 
li^ngth  on  |),  79.  I  had  long  thought  that  the  dmiuage-tube 
might,  I'iirry  into  u  wound  dunl-liiden  air  in  its  interior,  if  the 
jiir  wludi  entered  the  tube  ou  rtuioving  it  from  the  carbolic 
lotion  were  not  purified  by  carbolic  spray.  This  is  the'exjtlana- 
tion  I  offer  liere,  viz.  that  the  air  curried  into  the  wound  by  the 
drainage-tube  was  not  pure  air,  but  crtuLainetl  a  p;u*tiele  or  |»ar- 
ticles  which  gave  rise  to  this  jxirticular  form  of  organism.  On 
mentioning  tliis  U\  Mr.  List^-r,  he  at  once  saw  the  force  of  the 
arguuifut,  and  ninee  thiit  time  hi'  takes  precautions  to  prevent 
the  recurrence  of  a  sinn'lar  accident. 

It  is  just  jiossible  that  the  fault  lay  in  the  fact  lluit  a  very 
sinidl  (h'cssing  was  iipplicd  at  thr  tinu^  oF  the  operation,  and 
that  lliey  got  in  through  the  dressing.  15ut  then  they  mii5t 
have  got  in  during  or  very  shortly  after  the  operation,  in  order 
to  proiluce  the  nij'id  effect  whicli  followed.  And  also,  as  I  have 
just  stated,  the  ordinary  forms  of  micrococci  woidd  probably 
have  been  found  in  that   case. 

The  only  otlier  explanation  would  be,  that  there  was  s(m]e 
error  in  the  manipulations.  Utit  though,  no  doubt,  faulty 
manipulation  is  almost  (lie  constant  cause  of  failure  in  those 
commencing  the  pnietice  of  this  method  and  in  those  who 
have  practised  it,  when  the  operation  is  difficult  and  require* 
mueh  thought,  yet  hero  there  was  a  sim]>le  operation,  the  im- 
portance of  the  aseptic  precautions  were  fully  present  to  the 
mind,  nnd  I  do  not  think  that,  csiiecially  in  the  ease  of  Mi, 
Lister  and  his  assistants,  this  explanation  is  in  this  instancr 
the  most  probable  one.  Whichever  explanation,  however,  be 
correct,  the  case  is  of  great  importance,  as  confirming  the  views 
expressed  before,  as  ilhistrnting  the  necessity  of  excludinif 
organisms  of  ail  kinds,  and  as  showing  the  results  which  may 
follow  the  admission  of  bacteria  to  wounds.  It  is  also  of  ixt» 
terest,  because  it  shows  that  forms  of  bacteria  may  be  yirescnt 
without  the  production  of  smell,  and  thus,  because  a  discharge 
is  '  aweetj '  it  is  not  necessarily  *  aatrptic,^  The  tiifficvdty  which 
was  experienced  in  tinding  the  organisms  before  the  pus  wai£ 
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stained  aUo  warns  Ud  how  careful  we  must  be  in  deciding 
whether  orgtiniRinH  are  present  or  absent  from  wuundH.  Cases 
have  been  |>ul>liHhfd  where  disasln>iis  <*faiset|ueiices  have  fol- 
litwed  incisions  iiiln  juints,  hut  wlieTf  ihi'  siir^t'i»ii  has  assediMj 
that  the  dincharge  waa  sweet  and  free  from  organi^mtt,  Ac- 
ctirding  U)  recent  invetiligations,  however  (p.  253),  we  know 
that  tlje  pus  of  acutv  abw^-eHnes  and  from  acu(L*  suppimitions 
always  contains  orgiintHnis,  generally  micrococci  ;  and  therefore, 
in  the  published  wise^  in  which  the  assertion  to  which  I  have 
alluded  has  bijen  tniuie,  it  is  clear  that  the  presence  <»f  organ- 
isms has  been  overlooked ;  for  if  no  other  form  was  present, 
micrococci  were  sure  to  be  there. 

Various  facts  an*  known  as  to  the  removal  of  foreign  !>otlies 
from  jointii  without  aseptic  prireautions.  A  number  of  these 
have  been  refcnvti  to  in  the  historical  part,  ami  I  will  here 
content  mynclf  with  <pioiing  Komc  figures  from  a  papt^r  pidi- 
lished  by  M.  I^rrey  in  \^^\,  As  we  have  seen  in  considering 
the  FIi«tory  of  Antiseptic  Surgery,  the  valvular  methrxl  intro- 
duced a  cunsiilerable  amouiil  of  security  into  these  <>|M'n»l ions. 
I^iirrey  groups  the  results  of  the  direct  and  of  the  oblitpie,  or 
valvtdiir  incision  togetlier,  but  \\\^  details  are  very  incau^re. 
He  mentions  132  cases,  of  which  ^K*  died  ;  7  weremisuecessful 
or  uncertain  in  residt;  in  It)  he  mentions  the  occiurence  of 
anchylosis;  in  2  of  hydrarthrosis  ;  and  in  9  of  grave  accidents 
not  further  speciKisi,  There  are  thus  left  74  cases  which  were 
]>os5ibly  cured  with  movable  joints,  but  he  expressly  states 
that  all  the  cases  of  healing  in  which  accidents  weurred  are 
not  noted,  so  that  the  number  of  cures  is  really  lest;.  Thus, 
only  about  one  half  of  the  cases  recovered  without,  the  occur- 
rence of  some  serious  coioplication,  yet  these  results,  though 
appanntly  so  IkuI,  are  much  more  favourable  than  th(jse  which 
had  been  obtained  by  several  other  surgeons.  Larrey  contrasts 
with  these  cases  the  results  of  the  operation  in  wlu'eh  a  bed  is 
made  outside  the  joint  to  receive  the  cartilage.  Of  these  he 
mentions  38  cases  with  19  cures,  lo  failures  to  extract  the 
cartilage,  and  5  deaths. 

Ijarrey's  statistics  express  very  well  the  opinions  of  the 
majority  of  surgeons  on  the  dangers  of  extracting  foreign 
bodies  from  joints,  even  when  the  valvular  or  subcutaneous 


4m 


nnsULTS  OF  ANTISEPTIC  SURCfEIiY. 


I 


method  ia  employed.  If  we  seurch  the  surgical  t^xt-booka  we  , 
fiiul  thai  there  is  throughout  u  fear  of  8uch  oj>eration8  or  ii)*^| 
juries.  Thus,  Mr.  Speiice,  iu  his  *  Lectures  on  Surgery,'  says,'^^ 
*  There  ia  no  fluKS  (►f  o|keniti<)U8  that  I  have  a  greater  ilreuti  of 
than  tbe  ap[)arently  simple  one  of  removing  a  loose  cjirtilage.' 

I  have  no  statistics  of  septic  cases,  comparable  to  the  asep-1 
tic  ones,  in  which  wounds  of  joints  have  been  kept  open  for 
some  days ;  but,  as  will  be  seen  in  the  history  of  this  subject^ 
experience  has  up  till  recently  led  surgeons  to  the  conclusion 
that  the  sjifety  of  the  liuili  and  of  the  [latient  depends  on  rapid 
healing  of  the  wound.  And  yet,  as  all  the  facts  quoted  show,j 
these  operations,  when  aseptically  perfomied,  are  really  devoid 
of  danger.  Sir  Jamea  Paget  says :  *  '  I  cannot  doubt  that 
operations  of  this  kind'  (referring  to  incisions  of  joints  withj 
closure  of  the  wound),  *  which,  in  the  earlier  years  of  my  work, 
were  done  with  great  rink,  t>r,  with  a  wise  fear  of  the  risk,  were 
left  undone,  may  now,  with  antiseptic  help,  be  done  with  an 
almost  complete  safety.' 

'  See  leading  nrticle  in  IJritith  Mriiioal  Jtntmal^  April  1880. 
■  MacCoriDuc's  A  ntiirpiic  Surgery, 
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CHAPTER   XIX. 

RESULTS  OF  ANTISEPTIC  8UHUEKY  {eantlnued). 

Compound  frtictures.  Pifforencea  between  iliom;  prwluct-d  accidenially  rimI 
thoiM.'  caixMKi  hy  Lhc  ^iiirgoon  :  treatment  and  aftcr-pro^cait  of  each  cla«s. 
Tal)Ku  of  accidvnt&l  compound  fractures  treated  by  Mr.  LUter  :  tAiyft ;  Irff  ; 
kumtrrut ;  farrarm  ;  skull ;  iummarff  nf  result*.  Tables  of  compound  frac- 
tupca  produced  intentionally  by  Mr.  LiHter  ;  femur  ;  Irp  ;  rlariclr  ;  hume* 
rus ;  firrearm  ;  hirer  jatr.  Cienoral  eunmiary  of  Mr.  List<>r'ti  rvaulls.  Mr. 
8pence'«  roaults.  Other  operationH  on  bones  by  Mr.  hisior  MocRwen'ft 
Q0t«otoml€s :  Volkroann :  Max  Sobedc  :  Bardcnhouer :  MacCormnr.  Com- 
bined aaeptic  results.  Resnlts  by  other  meihods  :  VollLmann  and  FraDno- 
kel :  Holmcci :  St.  Tboma»*s  Hospital.  Rey)tcr*s  results  in  war.  0|»en 
method :  Kronleln.     Septic  methods. 

I  NOW  pass  on  to  a  second  class  of  cases  which  aic  often  fol- 
lowed by  most  serious  consrquences :  I  refer  to  compound  frac- 
tures occurring  accidentally  or  made  by  the  surgeon. 

Compound  fractures  produced  accidentally  and  those  made 
by  the  surgeon  diifer  from  each  other  in  various  important  par- 
ticulars. In  the  first  class  dust  is  as  a  rule  introduced  into 
the  wound  before  the  surgeon  sees  the  case,  and,  therefore,  the 
problem  is  to  destroy  the  energy  of  thi.s  dust.  Whether  such 
an  att(^mpt  is  successful  or  not,  must  of  course  always  be  a 
matter  of  doubt ;  and  hence  the  results  are  uncertain.  Then, 
also,  the  violence  is  often  very  severe  and  complicated  with 
other  injuries  or  with  shoi^k,  and  in  this  way  life  may  he  lout 
from  causes  which  could  not  be  avoided  by  any  methixi  of 
wound  treatment.  On  the  other  hand,  in  the  second  class  of 
cases  the  surgeon  has  only  the  ordinary  aseptic  problem  Itofore 
him,  and  if  be  is  justifii'<l  in  othtr  nuses  in  liiokiiig  with  cer- 
tainty for  good  results,  he  ought  to  be  equally  just itied  here. 
I  He  is  also  independent  of  tlie  other  injuries  and  slnK-k  wliich 
so  often  complicate  acuideiital  compouuil  fmctures,  uud,  there- 
fore, the   mortality  ought  also  to  be  le!>^.     If  we  remember 
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The  constitutional  condition  also  depends  in  the  main  on  thdl 
success  or  faihirc  of  the  nltcini)t.  to  render  the  wound  aseptic. 
If  the  attempt  fails,  the  temperature  is  generally  high,  as  m, 
other  septic  cases  (see  fig.  78);  if,  on  the  other  hand,  it  isi 
successful,  the  temjieniture  generally  remains  normal  or  nearlj 
eo,  though  it  may  be  high  for  a  few  iionrs  after  the  iojuiy 
(see  fig.  79),  (I  shall  not  go  into  this  matter  further  at  pre- 
sent, as  1  intend  to  discuss  it  more  fully  in  a  future  chapter.) 
The  general  well-being  of  the  patient  also  closely  correspondfi 
to  the  septic  or  iineptie  state  of  the  wounds;  if  the  wound  u 
septic  and  the  teTuperatm^e  high,  the  jatient  generally  feels  ill, 
and  has  other  symptoms  of  fever ;  if,   however,  the  wound  is< 
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WEUCII    I'ULLOWED  AH   ASEPTIO   CoVRS£  (CASB  39,^.473). 


rendered  aaei>tic  the  patient  feels  practiailly  in  a  nornuil  stale 
of  health. 

In  the  case  of  compound  fractures  madv  by  the  surge«ju,  th«| 
progress   of   the   wound    and    the  constitutional  Mate   of  thej 
]>atieut  are  siinihir  to  iIkkso  di'scrilteil  as  lyinVul  of  operations] 
on  joint.H  (p.  421);  aud  I  need  nnt   rejieat  what    I    wiid  there. | 
In  performing  these  operations  a  free  incision  is  made  dawa 
U)  tho  hnnc  with  the  viu'ious  ast^ptie  prcctiiitioiif ;  the   bone  \i\ 
chiselled  ur  siiwn  across,  or  a  pf*Hi*>n  of  bone  is  removed nccord- 
ing    to   circumstanees ;    the   bleeding    vessels  are    secured  ; 
drainage-tube  is  introiluced  down  to  the  bone ;  as  a  rule,  n< 
ftl  itches  are  inserted  ;  and  the  fUvssing  is  applied  according  t-o  th< 
ordinary  rules  previously  described.     In  a  few  hours  the  woui 
is  filled  with  blootl-clot,  which  becomes  vascularised  and  orgs 
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isefl^  and  cicatrisation  occurs  beneath  its  siiiHirficial  layer  without 
previous  granulation  or  suppuration.  As  a  proof  of  this  I  may 
refer  to  the  fact  mentioned  by  Dr,  MacEwen,  that  he  had 
'made  835  compound  fractures,  and  that  in  only  8  of  the  wounds 
was  there  any  pus  formation,  although  none  of  these  injuries 
iwas  subcutaneous-  After  operations  conducted  in  this  way  the 
[general  state  of  the  patient  remains  normal. 

In  considering  the  results  of  compound  fractures,  it  is  quite 

;lear  (hat  ull  rases,  in  whatever  way  they  are  treated,  whetlier 

)y  primary  or  secondary  amputation  or  conserv'atively,  must 
mentioned    and    grouped    together  in    the    first   instance. 

^ot   the    frequency   of  jjrimary   amputntiim    after   eomiKiund 
;ture  will  de[>end  not  only  on  the  great  severity  of  the  injury 

^nd  destruction  of  tissue,  but  also  on  the  dangers  to  which,  in 
^ordance  with  the  experience  of  the  surgeon  in  charge,  the 

wtient  will  be  afterwards  nubjected.  If  the  surgeon  feels  that 
le  met  ho  I  of  treatment  which  he  has  been  accustomed  to 
lopt  in  these  cases  is  not  such  as  to  secure  the  jwtient  from 
le  after  consequences,  he  will  natumily  take  into  frequent 
"consideration  the  question  of  primary  amputation.  If,  on  tlie 
other  hand,  he  has  been  led  to  expect  that  the  dangers  incident 
to  thesi*  injuries  are  not  likely  to  occur  tmder  the  methorl  of 
treatment  which  he  adopts,  he  will  perform  primary  amputation 
less  frequently,  Tlierefore,  in  order  to  judge  of  the  results  of 
any  method  of  treatment  in  compound  fmctures,  the  number 
of  primary  amputatiuns  and  the  sort  of  injuries  in  which  they 
are  performed  must  be  mentioned.  With  regard  to  secondary 
ami)utation  it  must  he  remembered  that  these,  as  well  as  the 
fatal  cases,  are  those  in  which  the  attempt  to  treat  conserva- 
tively has  failed,  and  therefore  it  is  not  sufficient  merely  to 
state  the  results  of  cases  treate<l  consenatively  to  the  end.  In 
the  following  tables  I  have  attempted  to  indicate,  as  fairly  as 
possible,  the  nature  of  the  injuries  and  the  after-progress  of 
the  cases  which  have  occurred  in  Mr.  Lister's  pmctice  since 
1872.  In  some  instances  the  notes  have  been  deficient,  but  I 
have  tried  to  render  them  complete  by  tracing  out  these  cases 
as  far  as  I  could. 
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In  considering  these  I  have  iucluded  all  Mr.  Lister's 
1871  ;  those  requiring  i^rimary  amputation  as  well  as  thoi 

Compoufhd 


No. 


MftlDV  WUIAJE« 


Hate  of  AclmlMlon 
and  DtwtuirKe; 
Willi  BaAilt. 


Io)my 


A  eii«c  «f  oxtctmivc  coinp^uDd  fracture  of  tho  femur  where  primnrv  ampi 
|»crf»rineil  Ml  thu  ht|»joiii(.    Tiie  pilioiil  'IiihI  almost immedintely.    Thcrp  is  aA 

J.  ti^  45  .     '     ■      -ifiL,  •ttitie  tfG,  1674.     '  ICxU'niiive  fxjmi>iund  onmniinuU'd  ft 

Died,,  Juue  26,    „        the  femur,  and  Hvcro  laceratioo  of  J 

Cauw  nf  duiitb  wu 

)4hut*Ji. 


George  P.»  li 


R.P..  17.    . 

(8e[>Uc  caae) 


Mr&.  U.,  6U 


Ji/„  Si-pl.  211,  IH71. 
/>u..  Feb.  U,  1872. 
Ill  pn>ccti*  of  cure. 


.4rf.,  Nitv.  I  ft,  1872. 

CiiiiAH  of  llpn^h  wiiM 
Ijrittujhilixiiidcur- 
diuu  disL'SM!. 


J</.,OpL  i:»,  1A7H. 
/^V..Iuitr*JO.  IH7«. 
Hrtuli,  livaleU. 


Ctimpouad  frncturo  of  the  femur  fti 
Direct  viulcaa*. 


Two  riiilway  truelu  ;uiiM>e(l  ovrr 
eauNint;  &  simple  cntnmtnutMl  fi 
\m\\U  UmtfA  of  Ibc  Ic^,  ftnd  nflim[ 
tiutMi  t'mc'ture  of  the  thitth. 
nvcr  the  fracture  of  the  f'cintir  dl 
DTid  the  lx>nc  prutnidvd  on  N« 
Vutieiit  wiiA  Kufferiiif;  frutu  cardtM 


Gmipouikd  fmuttiro  of  Ibe  fcmar. 


There  were  thus  five  compound  fracturcH  of  the  femur, 
two  were  amjmtated  i)rimaril;y,  Itoth  dying  of  sluwlc  ;  and  thw 
treated  conaervatively,  one  of  these  dying  of  bronchitis  and 


Compound  3 


WillUm  R.,  I*.' 


A.  R.,  IH. 


Ail..  .luiif  i;.  1H72. 
Jiini,  *&\\w  ilay. 
CaujM'  i)f  diuilb  WHS 
9h«>ck. 

A,t,  Aprit  7,  1K74. 
/>.*„  SL-pi,  S.  1874. 
RuuUy  cured. 


(\>tnpitun(l  fra<-t)irf>nf  left  l- ■  —  »- 
JSIiiii  (<»m  iif!'  ftir  »  »_'ii'; 
l*nliviiL   in   n  Mute  ot    < 
uiittvtl. 

Lc^  t'nwhed  Ity  it  ItLstm.     Scvriv 
ctHnmtimled'fnutun;  uf  the  Ic^. 
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conservatively  or  amputated  secondarily.   J  omit  the  lesser  componnd 
fractures  of  the  hand  and  foot. 

of  the  Femur  (accidental). 


Tra^tnwnk 


Bemarki 


ibe  caM  in  tba  booki,  but  I  know  that  It  occurred. 


Pritnnry    niiipiiUtion    just 
trochiiuten). 


liclow    Ihc 


'onntl  Injpctwl  -with  l-20psrboli(;  lotion. 
Opoiiing  onlur^.  Drainage-tube  in- 
aerted^  and  splinta  applied. 


Ln  att^iii|)t  WHS  mniXv  to  koop  ftw  ^l(iiij;1i 
ewf4<i,  liiit  piilrcfiiclifa  hud  alrtviily 
iMTurrrd,  Bill)  thcrcl'ure  ihe  attrtiijit 
waa  uusuccesarul. 


Ko.  9.p.4:M,  andNu.  70. 


atientwfu  itncnnttcioufl  wlicu  ndinittfd,  muiI  nevvr 
rallied  lie  died  in  about  twn  tioan.  Cauac 
of  duatb  wna  rbock. 


Ttie  bone*  hnt\  firmly  uoltod  on  Xorembcr  14,  and 
the  pntient  Beoins  to  have  done  well.  On 
JAnimn'  10  tbe  ainun  had  not  yi't  cbi^ted,  and 
Mr.  Lister  introduced  u  pair  of  Ftiiiut  furcc|)a  to 
i*cv  if  there  wax  any  bni-w  hnie.  K<t  jinpCAU- 
(ioiiB  were  used  to  dit>iDf(K!t  the  air  which 
entered  (no  spray  or  cnrhollr  lotion},  and  pum- 
fdctinn  BceniN  to  have  follnwc-d.  When  the 
patient  was  discharged  there  wrui  eitill  n  pieie 
*»f  bare  bone  to  lie  iclt,  but  he  woa  in  pcrf«t 
healtJi. 

Aliwcwe^*  formed  about  the  knee  and  higher  up  in 
the  tliiirb.  The  notes  are  inenmplctt*,  Ixit  tho 
p*tienl  i.-eiiti-nd  in  the  hiwpital  ixNikt  ju«  havini; 
died  of  lirnnrhitiM  and  canliHe  diwave,  fmin 
vhifli  be  wiiK  ftuffcrinff  ]treviouii  to  admission. 
(Thia  WAS  n  septic,  not  an  oai-ptic.  caw,  an  that 
whatever  wni  the  raoM'  n(  death,  it  dnes  not 
influence  the  re'tult  in  luieptit.'  case*.) 

Attepticcourve.  The  wutind  healed,  but  the  hon&i 
did  not  unite.     (St«  T.  Cluirt  II,  p.  4;18.) 


c3isease.  Thin  last  was,  however,  a  septic  case,  and  therefore  all  the 
CSBseK  (two  in  number)  of  couiiK>und  fractxire  of  the  femur  treated 
CSonservatively  and  aseptically  recovered. 


Itnan*  ninputatioo.  ( Modified  Carden.) 


t?te  Leg  {accideittal). 


^^^rimmry'  Hmpiilalion  thnm^fh  the  upper 
^^^    4  *'^  l*'Ct  Ir^/iiu)  U|i|icr  ^  nf  right  thi^h. 

^^Kitnai 


Patient  ntvtr  rallied,  but  died  in  two  or  three 
hour>  ffom  shock. 


For  foMie  linie  the  patient  atiflcred  from  i*arhoHc 
nniMmin^,  hut  after  the  earlMitic  drc*riii(;s  wero 
left  olT  nnd  lutriicic  dre-wiini:!*  wore  i^iilMtitiitod 
lor  them,  hv  wMtn  recovered,  and  the  Htump 
beal»l  slowly. 

H  H  2 


This  wheel  of  R  rnb    |>niia^   nver  Id 
ca iisiTi (^    H    (Hitnpound     fracture, 
wound. 


Severe  eitnijuiutnl    cointoinutel    frtcBi 
hiilh  boneA  uf  the  3eg.      Leg  cn^ 


Cunipound  commiTJuied  fracttirt  'Pf  H 
A]m  frncture  of  the  itel\'iB,  Piticnl 
bund  ythvb  ■<lmitted« 
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P  OF   ACCIDKNT  (ti<m<frnu«i). 


smputatjon  through  th«  fiftlf. 


r  «mpuUtion  through  the  upper 
of  the  leg.     CMtKliflfid  circuUr.) 


'  amputation  just  below  the  knee, 
ified  eircaUr.) 


enlarged  ond  injei'ted  with  1-30 
Uc  lotion.     Wound  left  opeo. 


kiva«b«d  out  with  l-20carholio 
,    (Secundary  auiputativu.) 


cnlsr^pd  and  (njeclcd  with  1-20 
lie  lutiuo.     Wiiund  lell  u|ien. 


,  out  with   1-20  carbolic   loliou. 
udarv  ainputatiou.) 


i^Jccled  uith  1  20  cu-bnlic  lotion. 


BciBarka 


HatDorrhflge  occnrred  on  several  ocoa«iana  in 
contiection  with  n  portion  of  the  anterior  flap 
which  ftIuu);h(Hl,  but  the  rest  of  the  wound  did 
well,  and  the  wholu  was  quite  supurtlcial  on 
February  I,  and  quite  healed  when  iJie  patient 
was  diMuiargeil. 

AMptic  roupM  (!>.  no  local  or  constitutional  dis- 
turbance). The  wound  healed  bv  tint  inten- 
tion exc«pt  where  the  Orain&i^tubes  were  and 
at  the  centre  of  the  flapd*  where  a  little  gaping 
Dccurrrd.  The  wound  waa  alisolateljr  healed  on 
SeptenibvT  IH. 

The  line  of  incision  healed  for  \\\c  most  part  by 
6nit  intentitm.  A  nlight  tendency  tugapingat 
the  centre  of  ibo  incision  was  easily  overcome 
by  the  Uitc  of  strapping  applied  aseiiticaliy. 
Wound  wju  quite  healed  when  the  patient  was 
discharged. 

I'alient  got  gradually  weaker,  nnil,  without  any 
special  symptoms,  died  in  Turty  huun. 


Putrefaction  was  not  avoided,  and  on  March  17. 
when  this  waH  evident,  suiputatian  was  per- 
fonniHl  through  the  middle  tif  the  thl^li.  Tliis 
wound  hafl  ahnupt  completely  healed  when,  on 
May  17,  he  complained  of  snre  throat.  His 
tent|i«!rnlure  went  up;  diphtheritic  patches  ap- 
peared on  the  fauces ;  and  he  died  uu  May  :fO 
from  diphtheria,    (Sec  T.  Chiirt  XVIU.) 

Aseptic  course.  The  temperature  only  otice  rose 
above  IOt/>  F,,  and  then  it  reached  IOl«  F., 
thirtv-Jiix  hours  after  the  accident.  The  wound 
hiiil  ipiite  heiUed,  witlioul  any  Mip^uruiimi,  by 
SiMitenib'.'r  7.  The  bones  were  not  quite  firm 
wlicn  the  piitiL-nt  wosdlM'tinrgctL  IlewiLnseol 
out  with  the  leg  in  a  caso  uf  pluster  of  I'liri^ 

rutrefaetion  was  nut  avoided,  and  as  the  trm- 

Ktrnture  WBM  goin^  up  (it  had  reached  Ilia-"), 
Ir.  Lister  thought  it  better  louinputale.  This 
lie  did  thmufih  the  lower  third  of  the  femur  *m 
September  13.  The  ^tumprollowi'il  a  |wrtVi-lly 
aseptic  course,  and  lii.'iil*f<l  hv  tir»t  intt-iilioii^ 
except  where  the  drnin/ige  tulw?  were.  It  had 
completely  healed  on  Ovtober  Itt. 

|*Mtiient  died  three  Ixmrs  after  ndinia.ti(in.  On 
p.  m.  exaiiiinatiua  cxtcmiive  fractures  of  the 
sacriini  anili  jwlvid  were  found. 
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JiE-SULTS  OF  AyriSEPTIC  HUROERY, 


I.   OOMPOUKD   FrACTURI 


Ifu. 


Iti 


Kftnie  ami  Aga 


WiUiaia  K..  16 


18 


J.  M.,  ya.    . 

(Semitic  cojftf) 


J.  McA.  . 


19 


2() 


21 


22 


Jamcfl  B.,  ri€ 
(Septic  case) 


A.  R^  23  .    . 
(Septic  caw) 


T.  N-  00 


June  L., 


Dute  of  Admlailoa 
with  lU-rali 


AiU  March  ^6. 1873. 
/>w.,  July  12.      „ 
RtMulty  caml. 


Aii^iMno  Ifi,  1873. 
;>«..  Si'pL  Ifi,    „ 
RenUt,  cured. 


.^r/.,AiiK.  2^,  ie7a. 

In  process  of  cure. 


Ad.,  Sept.  Uh  lfl"3. 
/?w.,M»rcliri,18:4. 
In  prnceas  of  cure. 


AtL,  Ft'h.  18, 
/>«.,  StpU, 
Rctuitt  curctl, 


I H7:.. 


-4(/..  April  20,1873, 
/>r«.,  Sept.  20,    „ 
Rttuttj  cured. 


Ad^  Oct  la,  1875. 
/>;*., Miircli  II.lK'fl. 
In  pnx^M  of  euro. 


I^fuiy 


Oumpnnnd  fnictunt  of  both  bones  nTl 
A  piece  uf  sloiie  fell  on  liis  lej;.     Ad( 
twonty-f>uir  Imun)  after  tUe  acddaat 


The  wheel  of  a  tramway  car  piMsed  oref  I 
lo!^,  CAUMDK  a  cninpr*and  oDmminated^ 
Cure  of  both  bones.     Pntlent  admit 
nieitiatolv. 


A  fit  one  ffll  on  his  leff,  caustnff  a 
comminuted  fractare  of  botli  bosaa." 
patient  was  a4lmitted  Iwo 
accident. 


A  van  ran  over  bit  le^,  cau5in;? 
frflcture  of  both  bones,  iwo  int 
the  ankle-joint.     Seen  at  once. 


Leg  was  run  over.  Severe  compoi 
nuted  fracture  of  both  bonos. 
two  boura  after  the  occideut. 


Cnriipoiind   fracture   of   tibia   cau*rd  tg 
wotMlen  tieani  falling  on  his  leg.    D| 
end  cf  lower  fragmeat  iimtnadii 
deut  faapi>cned  four  bonrt  befoni 


Compound  fractnre  of  tibia. 
a  wood*-n  beam.    Lower  cod 
incnt  protruiUng.     Done  finir 
iidmis)4ion. 
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rut  or  AcciDBKT  («mi»w««rf). 


TrfAtlDMlt 


iBdii^|cct«lwHh  1-A  Bolation  of  cnr- 
)lic  mc'xA  in  mclhylstM  ffijrit. 
oiiitd*  enlariced.      Mi'Intvrc  splint 


ind  fcjrctfd  wiih  a  wilotinn  of  cnr- 
ilir  ftfit  in  methvliilfd  spirit,  I-S. 


«  frapnipnts  of  hone  vrtrc  rftnr  vnl. 
hewonnd  wbb  wnsheU  «ut  with  oar- 
>ilclr(i<'ii,  1-?(J. 


ind  inJrdcKlwHhl-SO  rmbolic lotion. 


md  iitjcrtf<1 « 1th  1  -SO  carbolic  lotion. 


itndinfrrlftiwirb  l-20raTht)1[clrtlrti. 


md  WB*h«l  rut  with  l-fO  ciibolic 

titiQ. 


ReiDftrH 


PatfeflMlioii  UToided.  A  nniill  nbweu  formed 
in  the  leg  snd  wnti  oprned  od  Monh  31. 
Aflrrwnrdfl  the  woiinil-*  nrn^rp.«;«'<|  woll,  Ntitl 
were  cuivprnf^iAl  v\i  Mny  1(i.  lU^rnrk'  dieMatn^ 
was  then  ippUcd.  Krynlpflaii  attaclced  the 
wound  on  Miiy  23.  but  it  had  pa^*od  I'fi  on  Mny 
fin,  and  the  wmindrtliPalfHl  rapidly.  Thi'  Iiopm 
WI.TC  ciuit*-  tinn  and  there  were  only  twi>  miikt- 
(Icial  spot*  to  hpal  when  the  patient  was  dia- 
rbargvd. 

Putr*fnrlion  waa  nnt  avoided.  The  wound  Mippu-  ■ 
raird  trci'Iy,  and  n  small  pir<*cof  hone  nrcniK^I. 
Tlir  tcn)pi>ratiirt>  wnn  nut  re^'ulitrly  ttikt-n,  hut 
U'T  twtU'e  davn  it  ■whi«  jiImivp  II'O"^  I'*.,  nin^iinp 
from  100'='  to  Uiair^.  The  hones  liad  iitiiled  and 
the  wfiundR  had  AtmoAt  healed  when  lite  patient 
wna  di^rhari^l. 


Putirfaction  waa  avoided.  There  wn*  a  verj- 
little  ^^|li>^f)cial  'rniineptio  pupi'iiiaiinn.*  Thtre 
wax  iw  intlfntninttuit  ur  furnmiion  of  nb«reM(e8. 
When  di.'i'harped  the  leg  voa  firm,  hut  (here 
una  Htill  R  flinuf  leading  down  to  hare  iMine. 
The  tenii>eralure  only  «'ncQ  mw  to  MiiP,  Ihirty- 
yix  hour*  after  tlra  accident. 


Piitrrfnctutn  waf  at  (ir»t  avoided,  hut  tlie  pa- 
tient, during;  an  aitaelt  of  iteliritini  trf>ini-nf), 
tore  (>ft' theiirriiMnfn'.  and  the  wound  pulrrl'ieii. 
It  wa-*- h/nrt firth  trratid  with  lint  Staked  in 
rarlxilic  arid  and^'tycerine.  When  diwharged 
there  waa  still  a  Hnus  loading  down  to  IwrB 
btne,  I'Ut  the  l>onei'  were  quite  firm. 


Putrefactifn  "whji  n('l  avoided.  Two  nhntrefVM 
torniFd,  nnd  the  vound  ard  theaWevw  ravttim 
sup] •limited.  Kitr  wx  wMks  tJip  t(ni[i«rature 
v«nr-ii  iri.m  H  0°  lu  10.V  F.  Olhi-r  abweaMa 
li'inicd,  but  ultimately  the  pert*  hc^-aii  to  re- 
rvvt'f,  and  healing  was  crinptete  nt  the  end  of 
September. 

Areptic  fourw.  The  hifrheffi  trroporature  rerorded 
wna  W-T*".  The  wound  had  hi-jiM  (t-xaet  date 
not  given),  and  the  t>onrB  had  united  m  hiii  Ihe 
patient  v-nt  di^rharj^ed. 


No  eonatitutional  dirturbiner,  but  two  fidaII 
rrapmenty  hipt  their  viiality,  aid  were  not  n*- 
nwived  till  a  r»w  HavM  before  ihe  patirnt  waa 
dijeharpfd.  At  ttiul  t  ine  the  br  ni •^  »fr«  tlmi, 
and  there  remained  utdy  »  rnisll  ?>u]'erficial 
nore. 


AtU  J*»n.  36,  l¥77,        Conijwmrnl  frjacturo  of  tihiii,  &Ku«K.'d  {**  4  H 
JK-   Mi.».^ti  \h  larr         frutii  n  hnr^t*.    Admitted  initijcdifiteiT.^ 


Iff  If,,  Uec.  18,      „ 


Th«  «hee1  or  A  vaa  ponscd  over  hiit  leg,  p 
liui'iiig  A  vpry  bail  eompouaJ  ft-a^iu« 

(jrcut  injury  to  tlie  suft  paru.    There  » 
nl«a    a   compuund  Cuita*   fractorr,    t 


Legjainm<^c{  lietv^^en  a  itone  and  tbcvl 
of  a  iruL'k,  ri^ulEiiif,^  in  cuini^ioiitiid  ew 
nukd  fracture  i»f  both  Ixines  i>f  ih«  k^- 


:^« 


Maria  L.,  GO 


Hrsuft,  Liiinjrl. 


Compound  fracture  of  fibula,  etc 
I      riee  orjciLnt^p  No.  10,  p,  '124.) 


(Sm! 
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tiTLT  OP  AcGiDBNT  (ooniiwued). 


Tn»tm«aft 


Bemarka 


Wuuiiii  Injected  wlUi  1-20  carbolic  luUoa. 


Wound  injected  wirh  I -20  carbolic  lotion. 
Wound  k*ft  opvn  aa  uinuil. 


(Votinil  !i}-rinffed  out  with  1-20  eaibolic 
lotion. 


Wound  wiubcd  out  with  1-20  oirbolic 
lotion.  On  the  foIlowinK  day,  in  order 
to  get  the  bnoai  in  iKMitimi,  it  was 
nrctsMn'  to  saw  utf  jiiirtitiiis  uud  tie 
the  fniKineDta  tugvther  with  aUrer 
wire, 

t 

Wound  »T)Urctfd  nnd  jHrces  of  bono 
rvmovcd.  Wound  wuitht-d  out  with 
1-20  ctirUiliu  lotion. 


Aseptic  counw.  Thfi  botie  took  a  long-  time  to 
unito,  luitl  WAA  not  nlntolutely  flrin,  though 
alniOHt  HO,  when  the  iwitient  niu  flUchnrged 
wcarioif  an  iuiuiovablc  dppanitus.  (Sco  T. 
Chart  XIX.) 

Awptic  course.  Heautirul  cxaiiiple  tif  oi^niM- 
tion  of  blood*<:lot,  without  tiuppuration.  Meal- 
ing umii[det«  oi)  February  28.  TIhj  tibia  wan 
fonntl  to  be  linn  ua  Mardi  6.  (Sec  T.  Cbait 
XX.) 


Apparently  ixn  eonstitutiouAl  disturhiince,  though 
the  temperature  waa  nhove  100"*  on  wveral 
occaaiomt.  A  portion  of  the  akin  nloug^hed.  No 
cxtoliatioo.  Put  up  in  pU.Htflr  of  I'arU  on 
Jauuitry  2.S,  1878.  I'uken  down  on  March  14, 
but  tlie  bonefl  were  not  then  quite  lirm.  One 
or  two  appamtuaea  weru  xubdequentlv  applied, 
and  when  the  ]mtieut  wtual  length  di»iThar^ed, 
union  wftK  cvtnplete.     (See  T.  ChftTt  XXI.) 


The  attempt  to  eradicate  th«  caiuoa  of  putrefac- 
tion va*  not  sncecfuiful,  nnd  the  wound  sup- 
purated. The  pntit^nthad  fever.  An  abttoeaa 
formed  in  thi^  li>g.  Tlie  wouiuIh  wi^ri-  uuttA 
htuled  on  June  J.  The  wire  wna  rcninved  on 
Julyii.'f.  In  NovcinN-r  the  bonfM  were  found 
tu  be  Mrundly  unite<l.     (8oe  T.  Chart  XX 1 1.) 


The  Kreni»wl  difficuliy  was  e.xperienwd  in  keeping 
the  boned  in  |itMitiun.  and  tltcre  wa^t  coum- 
quently  frreat  {uiJn.  TIte  teinpemtun*  waa  liigh 
fur  tHinte  (iay»,  but  the  pulse  wtia  not  faftt.  and 
the  patient  seemed  well  with  this  one  exception* 
For  Botnc  days  the  bones  became  con.->tantIr 
diaplaoed,  but  otherwise  the  wound  did  well. 
It  rvmuined  a^'ptie,  tlmu^h  ru  the  result  of  the 
dbrturbanee  tUeie  war  .<iup|>urntion,  but  only  a 
very  little.  Aa  the  wound  ^^ot  Htnallcr  it  waa 
found  that  the  bi>ne«  emihl  hv:  kept  in  |>i»<<itiiHi 
bv  a  fcrvw  priwj«iii;;  im  the  nj>[n'r  fratrtiifnU 
'Ihe  leg  wat)  put  up  in  |Jaslcr  o^  l*art.<«,  but  on 
Xovemltcr  2U  the  bunc-H  wrre  found  to  be-  Ntill 
ununited.  Ki^ht  to  ten  mining  of  tincture  of 
iodine  weru  thvreforu  injected  between  the  fraf;- 
meula.  Some  swelling  nnd  a  ••mull  nbsctow 
rei^uUcd,  and  the  bouea  united.  When  acen  un 
Janiuirv  .'tit.   ]H7M,  union  waa  complete.     (See 

T.  Chart  xxm.) 


Patient  did  wcU. 
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RESULTS  OF  AXTISEPTIC  SUIiGEJiy. 


I. — Compound  Fhai 


a 


30 


yi 


Nftine  and  Ag* 


r.a,6   .    .   . 

( Septic  CUM* ) 


Airrt'il  A..  G 


Frederic  H^  48 


Tkfttvof  Admisrioti 

•nd  tMschargv ;  with 

II  emit 


Injury 


AU,,  l>«!.4.  I«78. 
/>;•..  April  2(MM79. 
Rrinth.  citniil. 


Lnfc  nin  ov«-  bv  n  cAb.  Larire  M 
lioth  f  i<leA  uf  iW  letr,  that  on  the  4 
rtnitmiiniraHnK  with  a  frncluri 
On  the  inner  ftide  the  tibia  -wj 


.1'/.,  Sept,  12.1879. 

HrivOj  cured. 

^dL.  Not.  14, 1870. 
/>!«.,  Jnn. .%  1880. 
Hnv/t,  in  (iri»oeM  of 
ouru. 


Cimpoaiid  fracture  of  boti 

Tibia  pn.trmiinji.     Cbum-  not  iri*^ 

) 

Compnund  frnctnre  of  the  towftr  «d| 
ri>rht  6bidA  And  simple  frnPtDoJ 
middle  tif  the  riuht  tiliia.      KesuUl 


There  wtre  tUus  under  Mr.  Lister's  care  during  these 
cases  of  compound  fracture  of  the  bones  of  the  leg,  of  which 
Three  of  thept*  denths  occurred  within   forty-eight  hours, 
other  wa«  from  dii>htheria.     None  of  the  deaths  was  th< 
ventible  by  any  method  of  after-treatment  of  the  wound. 

In  5  of  the  26  cases  primary  amputation  was  necessai 
these  cases  died  of  shock. 

Twenty-one  cases  were  treated  conservatively,  and 
died. 

Of  these  21  canes  2  required  secondary  amputation, 
died  of  diphtheria.     Of  the   remaining  19  cases  2  died, 
phock  and  exhaustion,  within  forty-eight  hours. 


82     R.  .1.,  2»  . 


George  O.,  60 


84 


Henry  A.,  12 


85     HiMirj-  U.,  22 


y<rf.,Mnnh*>,  1872. 
Jilftt.  Mnrch  'IS,  ^ 
The  rniiw  of  dfRth 

RantU,  cured. 


Aii.,  Vpc.  28.  187"^. 
/ill..  April  17,  1873. 
Rrtmlt,  carvd. 


Rrstilt,  rured. 


Compontul  Fn 

The  wheid  of  a  railwiiy  w«gp>n 
bin  )>tioii]tler,  rAit-iri^  a  rntnpoand 
niUwl  fractun?  nf  the  humn 


Compound  ootnminuted   fVaot 

merufl. 

Cub  whcfl  pfl.<«<^d  over  urm,  caa<aL 
pniiml  riuiinitiiuted  tVadiire  ot 
incru*.     I'aiient  brrm|:ht  to  ikt 

inime'tliiitulr. 

Oomp^and  fhutnre  nf  the  h«! 
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\W   AiXJIDKNT  (c(mltRfi«f/). 


TrvAhnmt 


out  with  1-30  oirtiolle 


ftxhed  nut  with    1-30  cflrtfoUa 


1ar(^  ftTxl  «VTlnfce<l  oat  with 
bullc  lotiim.  ' 


Renurlt* 


Patmfictiiin  vaa  n(»t  Bvoidni.  Sloofi^ing  oo 
riirrcil  to  A  i'*nti!<i(li>rAlile  oxtpiit  ana  the  diii- 
■  hnr^t*  IdhI  n  f>iu1  tniivll.  WIh'Ii  tliim  wan  evi- 
lii'iii,  Imrnric  ointrnpnt  Bnii  Iwiracio  lint  were 
ii.-tod.  Tilt'  lt'iii|H;rntur«  fhajt  cjinnot  be  fi  und. 
hut  for  unine  dnva  the  irmprr«turc  fAricil 
lr<Mii  UKI  to  lOi^  F.  On  Marc-Ii  29,  two 
fiict'c*  I'f  ilert*l  Uino  ivpre  rciiinvftl.  When  diii- 
chnrf;cil  Ihe  wnuiiil  h»iL  henleil  nnd  tlu'  fnic- 
tura  united. 

AMpttccoane. 


ATCptic  roDmc.  Wound  hcfileil  aliout  Deormhrr 
20.  Fracturcji  fiMiml  utiite<l  im  Uwritibiir  27. 
Sent  out  with  a  filirite  npp;iratU9  un. 


lese  19  cases  the  atttimpt  to  eradicate  the  causes  of  putrefac- 
I  unsuccessful  in  4  instances.  It  was  also  unsuccessful  in 
I  cases  in  which  secondary  amputation  was  necessary.  Thus 
apt  failed  in  28-5  per  cent»  of  the  catses.  One  wise  pnitrefied 
ne  days  because  the  patient  tore  off  the  dressings. 

of  the  6  septic  cases  secondary  amputation  was  necessary ; 

occurred  in  l>  sloughing  of  the  akin  took  place  in  1,  and  in 
lining  2  there  was  inflammation  and  abncess  funuatiou. 
lone  of  the  aseptic  cases  was  any  operation  necessary.  In 
ras  there  any  appeanince  of  necrosis,  and  the  course  of  the 
B  markedly  different  in  all  respects  from  that  of  the  cases 
utrefaction  was  not  avoided. 

frua  (aceitlenfal). 


fnd  and  nbw  Uiote  portions  cf 
Ittla. 


48  of  Joints  (Xo.2). 


'aiilied  out  with  1-^  cjirboUc 


ldftorJnintB,p.  434  (Xn.  II). 


The  pHtif>nt  wa»  nifficrinn  wrerplv  from  shock 
■whpii  he  was  aiinittH,  ami  lie'ncver  rallied. 
Died  from  »hiM;k. 


Putrafficlion  wti  nvoided.  bat  late  in  the  cam  a 
little  pui  escaped  fmm  the  wound.  On  |tn>binf( 
it  deiul  bone  wns  felt.  Thl^  wns  removed  in 
Jane,  And  the  wound  hfaled  rapidlr.  The 
Ihihca  Wf^rc  lirmlv  united  an  April  II. 
(See  T.  Chart  HI.,  p.  4it80 


so 


R] 


/>r«.,  Aiuil  2(1,  Irt7i». 


Lpjc  run  *>T.r  tix  ■  c«b*     Ljitv*  ^ 

tioth  'i'lm  iif  t)i«'  ]4-tr.  Ihnt  or  i)h| 
ooimmimltftf JULj    with    m     ftacti 
(In  Mfi'  inniT  MjaJia  ttiM  lilitji 


Alfrrnl  A.,  0 


FmlfTlc  ir*  4^ 


KtwH,  CDTCd. 

/'><'(t,  Jul).  j»  18 

ftttvh,  \n  pfTuf.^  Ill 


ftactitt 

I  Imtifffll 


TiliU  |»r4ttru4|iii|i;,     C«uw  not  ^ 


Ci'tnp4iuti<i  fracture  of  the  l<riw«r  i 
ritfht  flUulu  Riul  fimnle  fnuPM 
mi.hnv  i4lhv  Hcht  tJljU.     U«^ 


There  were  ibiH  under  Mr*  Lisiter's  care  during  these 
oases  ijf  ronipound  fracture  of  the  btines  i*l  tlit  li*^,  of  wbid 
Three  of  these  deaths  occurred  withiu  forty-eight   honranj 
other  was  from  dijihtheria.     None  of  the  deathu  was  therf 
ventible  by  atij  inel.hod  of  after-treatnient  of  the  woand. 

In  5  of  the  26  ca^os  primary  amputation  was  necessair^i 
these  cases  died  of  shock,  '] 

TweTity-oTK'  vnavs  were  treated  conaervativelyj  ajid  of 
died. 

Of  these  21  cases  2  required  secondary  amputation,  of 
died  of  diphtheria.  Of  the  remaining  19  cases  2  died,  b 
shock  and  exhaustion,  within  forty-eight  hours. 


.12     H.  .1..  -i.T  .    .    . 

ai  I  Cieorpe  G.,  60   . 

34  i  Henry  A.,  12   . 

I 
I 
I 

nr>  1  Henry  B..  22    . 


-4*/.,  March  22,  1872. 
Died,  March  23,  ,. 
The  cause  of  death 
wan  shock. 

liesttlt,  cured. 


Ad.,  Dec  28,  1872. 
/>!»..  April  17,  J873. 
Rrgult,  cured. 


Retnit,  ruretl. 


Compound  Ft 

The  wheel  of  a  ntilway  waggon  | 
his  shoulder,  cauidci^  a  oompoui 
nuted  fracture  of  the  fatimerus  ai 


Compound  comminuted    fractnr« 
merua. 

Cab  wheel  parsed  over  arm,  emiK 
pound  comminuted  fractnr«  o 
mcru5.  Patient  hrouKht  to  tt 
immediately. 

Compound  fVactnre  of  the  humemf 
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-Result  of  Acciden't  (coydinned).  * 

^ere  treated  conservatively  with  good  result.     The  attempt  to  eradi- 
cate putrefaction  was  successful  in  each  of  the  3  cases. 


ih4f  Forearm  (accilfntal). 


Tn.nitniPDt 


Itt>iiii(rk-< 


Primftry  ainputation  thnmyli  thelitwer 
part  of  tlitt  hiiiiienis. 


Primnry  ampiiUliun  above  the  middle  of 
the  humeni». 


Woundrt  washcnl  nut.  witli  i-20  rarbolic 
lotion.  Some  l(>«»sii  frasm"*"*"  *>f  the 
brrikpii  radius  were  removiMl.  The 
wounds  wen*  al.«o  inopiH*d  out  with 
chloride  nf  zioc.    Splints  applifld. 


Wound  enlarged  and  a  Holuti'<n  of  car- 
bolic add  in  spirit  inject*^. 


Awptiti  ctmrse.  A  minute  sHpcrficial  w»re  re- 
mained to  Ileal,  whero  the  ilrainaife-tubi's  were, 
when  the  patient  wum  dischar^etl. 

Afteptic  cour*.  W<Mmd  healed  by  firnt  intention, 
oxrept  where  tlie  ()rainii^e-lu)>c  wan.  Here  a 
umall  Nupertioial  nore  remained  to  heal  when 
the  patient  wa^  diM-hnrp!d. 

The  lin^rers  regained  their  warmth  during  the 
flrat  twenty-four  hour*.  Putrefaetion  wn"< 
avoided,  and  the  i'n!«e  wt>nt  <m  well.  So  much 
of  the  radiuH  wnn  lost  that  union  coulil  not  take 
place.  The  wounds  were  ipiite  Kupertirial  on 
Au}£UKt  19,  and  had  healed  when  the  {latient 
w^A-H  discharged.     (See  No.  105.) 

Afteptic  eour.<»e.  Hit^heKt  temperature  99-0,  pulne 
82.  Date  of  heidin-^  is  not  f;iven,  bnt  healing 
waft  complete  and  the  t>one<«  were  strong  before 
the  patient  left  the  hoi^pital. 


l^ound  washed  out  with  1-20  carbolic  |  Putrefaction  was  ap|>nrently  not  avoided.    The 
lotion.  I       wound  did  very  well,  hut  when  the  patient  was 

discharged  It  'had  not  quite  healed.  Donefl 
I  pretty  firn).  patient  dimrharged.  wearing  au 
I       immovable  appiiriitu!«.     (See  T.  Chart  XXIV.) 

Wound  enlarged  and  injoct«'d  with  1-20  '  Typical  course.     When  discharged  to  be  treated 
carbolic  lotion.  ati  nn  out-patient,  (hero  was  onlv  a  nmall  point 

to  heal,  and  the  Inmes  were  getting  Arm.     (Sec 
T.  Chart  XXV.) 

Wound  washed  out  with  1-20  carbolic     Followed  a  typical  aseptic  counw.    The  arm  had 
lotion.  I       healed  and  the  fiplints  were  left  off  on  April  12. 

I 

ties  produiied  by  accident  and  treated  by  Mr.  Lister,  we  get  the 
following  facte  t  — 

Since  1.871  there  have  been  41  i)atients  (42  limbs;  admitted  into 
ho8i>ital  suffering  from  compoimd  fractures  of  the  long  bones ;  of 
these  8  died.  In  6  the  cause  of  death  w^as  shock  and  exhaustion, 
and  death  occurred  within  forty-eight  hours  after  the  accident ;  in  1 
the  cause  was  diphtheria,  and  in  1  bronchitis  and  cardiac  disease. 
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nESULTS   OF  AyriiSEPTIC  SUROERr. 


I. COHPOCMD    FnACrUilBS, 

Of  the  42  limbs  iujured  10  (10  iKitieuts")  were  amputated  pr 
rily,  and  of  these  four  di(?d  (all  from  shock).     I  need  not  refer 
these  again,  as  they  do  not  concern  the  point  at  issue.     There  fftf 
thus  31   ]>atieuts  (32  com])ound    fmetures)   in    which   conscr 
treatment  was  attempted,  and  of  these  4  died  (2  of  shock,  1  of  ,j . 
theria,  and  1  of  bronchitis  and  cardiac  disease);  but  then  onk  l<f 
these  deaths  (case  4,  which  died  of  bronchitis  and  cardiac  di»«i*' 
can  possibly  be  supposed  to  have  any  connection  with  the  meth'd  "^ 
treatment  of  the  wound.    Hence,  for  our  present  purpose,  we  have  w 
consider  28  cases  (2S*  fractures)  treated  conservatively  with  one  1 
The  fatal  result  in  this  instance  is  stated  to  have  been  caniin 
ease  and  bronchitis,  but  the  precise  cause  does  not  tell  again -i 
aseptic  results,  for  in  this  case  putrefaction  took  plnce. 

Of  the  32  lirnbri  treated  conservatively,  only  2  required  m 
amput^ition,  and  one  of  these  patieots  died  of  dij^htheria,  or  we 
perhaps  put  it  bi^lier^  and  say  that  of  the  29  limbs  (28  patients)  ut 
consideration,  only  one  required  secondary  amputation,  and  ihiJ 
recovered.     One  of  the  remaining  27  patients  died  of  bronchitis 
cardiac  disease. 

Of  the  30  limbs  treated  conservatively  in  jwtjents   who  did 
die  within  forty-eight  hours,  the  attempt  to  eradicate  pulrefacti*] 

Compound 


No. 

4a 

Dan*  of  AdmtMiim 
Nftmfl  Kid  kea         and  I>l»cliiirTf«  ;  wUli 

• 
Injurj 

William  S.,  18 . 

AH.,  Jnn.  K»,  1872. 
/)ij.,  May  SO,    „ 
RttuH,  cured. 

Cuiit|NiancI   ilf-prftMM)    ft-acture   uf   Ch«  lirfi 
lcm|M.ra3  Imiuc.    Fnllenl  quite  wnslUtrf 
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r  OF  AUUIDENT  {cofUinued). 

tccessful  in  21  instances,  and  none  of  these  required  further 
res  ;  all  healeti.  But  in  8,  or  2(v6  [>er  cent.,  the  iittemi>t  was  un- 
?ful;  of  these  1  died,  in  2  secondary  am]>utution  was  necessary, 
which  ]»atient8  also  died  of  au  independent  disease,  while  in 
3f  the  remainder  the  further  progress  of  the  cuse  was  unsatis- 
This  is  a  striking  fact,  as  showing  the  difference  in  results 
;n  cases  treated  asepticall}'  and  those  treated  wth  antise]»tics. 
figures  do  nut,  however,  rightly  represent  the  present  jirob- 
;8  of  rendering  compouud  fractures  aseptic,  for  the  majority  of 
lures  occurred  early  iu  the  treatment,  while  o{  late  the  greater 
:r  of  attempts  have  been  successful.  Thus  from  the  end  of 
ill  the  end  of  1875,  18  coses  were  treated,  and  of  these  6,  or 
er  cent.,  failed.  On  the  contrary,  from  the  end  of  1875  till 
12  eases  were  treated,  only  2  of  which,  or  16*6  i)er  cent,, 
■  The  chief  improveraent  which  has  led  to  this  greater  success 
noubt  the  method  of  washing  out  the  wound  thoroughly  by 
of  a  catheter  attached  to  a  syringe — a  method  inLrotluce<l 
.876.  The  chance  of  success  dej)ends,  however,  almost  entirely 
!  nature  of  the  wound  ami  the  :iniimnt  of  dirt  in  it.  If  it  be 
cated  aiid  dirty  the  result  is  doubtful;  otherwise  success  is 
certain. 

ikuU  [tuxiUcrUul). 


TrMtiuMit 


uiuvnd.  aud  the  wuund  Avriu^Ml 
itii  l-^>  i-«rbulic  lutiun.  (jaiixe 
iig  ii|i|ilitfd. 


BuiuKrkB 


Tbe  wound  rumiUnod  nwptic.  bub  in  a  few  boon 
the  patient  became  rejtUcM  and  cuntplainod  uf 
puiii  iti  hin  head.  Hvwioa  tiecitUK^  uiirouM'JMUs. 
TrtphiDiiiK^wiu  ihorefore  porfbrined  nn  Jiuiuary 
SI,  tbe  Ui'prtissed  bono  elcvntod  uud  iwfi)«  frA^- 
inentAufthc  intcriiul  tjiblc  miuiviMl.  I'liiieiu 
recovered  ctmjwitiu^iK'M  after  Ihi-  m«Tntinn,  and 
pro^retinud  rapidly  limarilit  n'overv,  tbe  bbiod- 
dot  JyiiiK  exptj-vd  In  the  UMund.  Ai  uim-  par!, 
at  lh<*  hnte  nl'lhe  nprration,  Lhe  Iwiie  wiif>  lelt 
ban?  for  tutmt  djsiniicf,  but  n»DL'  .-wiiarated,  und 
it  wa*  ail  I'pniplett'ly  wviTed  on  Kcbrnnry  '22. 
Tbu  WiHuid  htui  couipldtely  beriltil  nn  May  li. 
Whun  the  pAiieiil  wii?  ditk:hiirici>d,  iht;  paliia- 
Ihnift  i>f  the  brnin  niuld  Itr  m'vn  bt  raiav  tho 
tiicatrix.     (Sec  T.  Cliurt  XXVI.) 
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JiEiiULTS  OF  AST1S£PTIC  SUMOERy, 


I. — CoMPotnci>  Fbactuib 


No, 


J4 


Ah 


4e 


48 


-10 


fiO 


61 


hi 


68 


If  lime  and  Ase 


Cicurgc  B.,  18 


J.  McC.<m1uU) 


J.  McK..  7 


WilliAin  I..,  rti 

Andrew  P.,  7  . 
G.W.  E.,  12    . 

GeorijO  II.,  3ti  . 

David  McC^  30 
A.C,  13.    .    . 


Uftt«  ut  Adtnlwiiui 

Mid  UlsebM.ivo ;  with 

BcmH 


^dL,  Feb.  12,  I87i. 

Hett/it^  in  jiroccna  uf 
pure, 

^rf.,  Murch*,  1»72. 
/«#..  May  a.     „ 
Itnmtt,  irured. 


.-!«£,  June  1 1,  1872. 
/>»«.,  J  uly'i'A    „ 
Jiettlt,  ill  prooTM*  of 
curt!. 


.<^..  Nov.  }:>,  1872. 

/>#r//.  Nov.   17,    .. 

Tltr  ctiwv  t.r  diyilh 
Wfin  injury  to  the 
bmin  nubstniiL-c. 

Ad»  Sept  16.  I*f76. 
/>!*.,  Del.  8.       „ 
Reatilt,  f  urtHl 

.4rf.,  Aprils,  1878. 
/>»i..  .\pril  15.  .. 
RtMuU,  cured. 


.<rf.  MflvH.  1878. 
JJitft,  Mny  Ifi,  „ 
Thp  cauM*  tif  deiitli 

wii»rraetur«of  tbv 

skiiU,&c. 

Jrf..C>ct.  a.  18H0. 

/>!*.,  Oct.    I«,    „ 

littuit,  cured. 

.-!#/..  Jan.  32. 188(1. 
/>;(!.,  Fi-U.  9,      „ 
lietttit,  in  pfiicpw  of 
coru. 


Afi.,  April  0.  1880. 
VVifl.,  April  'JO,  „ 
Itrntltf  cured. 


Injuwy 


Compound  frjictura  of  the  o» 
deprcraion. 


The  ItnlidU'  I'f  ft  windln-**  vti-uck,  p*tid 
Uif  ffin-hcAil,  ntfusiuic  n  rippre^-iaed  rand 
cniDiiiinntcil  fmrriirc  of  thr  o?  n 
IVai-tiifv  i<f  niwttl  \n>nvs.  I'he  |«li^ 
ooDMJoiiA  when  nUiiittted. 


l>pprvaeK!d  compound  friKlure  t4 

bimr. 


i^liviit  fvll  rr«>in  :i  (ti'ijiir  <.i  ;'ii  (ffL  -u«V 
\T}e  u  comiHiiinit  frnciure  of  'h^  •U 
Pniii:nt  ini^ruiblo.  pupilA  diUtnl.  fl«)1 
enid,   had   MvrnU   coiivulwrc   fit*  ' 

Cnm  pound  friirtnrp  nf  teniporid  ami  f 
Ixttitv^.     Ulr'4*(lin>:  from  ihr  rnr  and 
Run   (ivcr  hy   the   wttcol  of  t  «b,  tl 
markedly  tla'ttencd. 

An  inm  ^Hto  ftU  on  bis  head  iWtuI 
ncnrly  bnlf  llie  ffcalp,  h  hii'h  wi5  hMi| 
doun.     Hnue  ftaeurcd. 


Pativnt  fell  10  fret,  tlriklnic  hi*  1mA  1 
CDiiMn;:  an   cxtcntfivf   compnuM  < 
nulrii  fraclurc  uf  the  «kull.    Palwfit 
sible,  Iml  mutU'fiag  and  rc^tlMii. 


Stnirk  on  tho  lt<*nd  by  a  tmttlo,  ciuaiii? 
inriH'd  ^mtind'*  and  tlmtin'  uf  tba  ^ 
PaUtMit  druwirt*,  but  M'n«iUr. 

Foil  on  bin  brad  from  ti  hei;;ht  of  S> 
Large  widp  ground,  fmrture  of  pal 
iHini-,  and  otln-r  injiirifj^,  no  df^"-™ 
PatifQt    (lUil"'    in^-i-n-iM-     « hiii 

into  hotipiul. 


Fi'Il  G8  ftct.  hikI  >uu.k  tii^  I 
iu^;  n  t'nnipiMinil  lijwurr  of 
Patient  aerif-ililr  ;  oOur  lin 
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Aflf.   LISTEKS  COMPOrWD  FRAVTUHEK 


4d1 


Result  of  Accident  {eoniinned). 


Trantment 


Wound  injected  irith  1-20  oirbolic  lotion. 
fttid  for  th«  must  pArt  stitched. 


Wound  injected  with  1-20  carbolic  lotion, 
depreHcd  bonp  plM'sied,  unH  poriinu* 
of  looae  bone  and  of  ihc  Inuirn&i  tabic 
removed. 


Wdunrl  inj^i^tpd  with  1-SO  carbolic  Intion, 
aiid  luA  quite  uiwu. 


CMnniinutMl  portiniiii  ri^niAvM,  and  dr- 
pr»'-»*'i]  Iwne  eli'vntpd.  Wound 
washed  out  with  1-20  carlxilic  lotion. 


^oimda  it^ected  with  1'2()  cart)oIi<^  W 
ticn.    Kan  ituffed  wUb  fiatue. 


Wnund  thoroat;hIy  wai^hed  oat  with  T-20 
rjtrlir>1ic  IntioiucatfTut  drain  and  nunu-r- 
U1I5  horsehair  stitcbeM. 


portion  of  loof^bon**  wBsrpmovppl,  nn>l 
the  wnutid  wqa  avrinjt'd  uui  and  \v\'\ 


Vo  Mtnall  picreo  tif  the  aitlor  Uiblo  were 
removed  and  the  wound  waa  wa/«hed 
out  with  1-20  cnrbolic  lotion. 

pordoD  uf  boiiP  wu?"  IfwtH',  iind  wai  re- 
TTiuved,  woimd  wn^hcil  uiu  with  l-;fO 
earbolic  lutluu. 


Tounil  woelied  out  with  1-3II  0ArU»lif 


Bamarka 


Araptle  coarse.  Xo  sappontloa,  the  wound  faftal- 
iitjf^  by  tlret  intention  and  orKaiitJiatian  of  bloiid 
clou  ' 

Aseptic  Connie.  Th<>  wound  ha<l  quite  healed  on 
March  16.  Am  there  wa«  flli);bt  redneu  and 
pain  at  one  port  of  the  acar,  it  waa  opened  up 
un  March  27,  and  «ne  or  two  mininut  of  yxxA 
racapcd.  Thin  had  ituuHdIy  healed  by  April  19. 
There  wan  an  elevation  of  temperature  on 
March  7,  apoarcDilv  due  to  derantc*'nu>nt  of  the 
lh>wr>lii.  15  it  KutJ^ided  at  onre  r>n  ndminifttrring 
n  laxative.     (See  1',  Churt  XXVII.) 

Thin  caM  followed  nn  aaeptic  munie  till  July  12. 
when,  iirobably  owio^  to  the  reslleiwneM  of 
Ibe  patMot  and  oonMqurnt  (U^phlcetllent  of  the 
drcsainf^  the  wound  waa  found  to  have  be- 
eome  putrid.  \\\  fhw  tinii-,  howi'ver.  the 
itoejier  partx  bad  cIivmmI.  When  iliKcbntxt-d 
there  wa«  titiU  a  rtmatl  AU^ipurutiriK  wound,  and 
a  portion  of  the  oa  fmntia  could  be  felt  to  be 
bare. 

A  tkMilute  infw>nitil>ilily,  with  occaaional  mnvutiiivfl 
atUckH,  mntiniR'd  till  hiji  death,  about  3(1  hoan 
after  the  injury. 


Awptic  coorxe,  except  that  an  abHcesft  formed  on 
the  side  of  the  head  behind  the  c,ve.  Every- 
Ihinff  bad  healed,  and  waa  apparently  «)und 
when  the  patient  wan  ditwrhar^ed. 

AM*ptic  conne.  The  wound  healed  entirely  by 
tirnt  intention,  except  at  one  point  where  a 
little  piece  of  hurNennir  drnin  wom  eni[doyett 
On  April  12,  there  were  ju«  ihrtw  tiny  pointa 
to  heal.  A  rollodion  dre«un||f  was  applied. 
(See  T.  Chart  XXVI [I.) 

Th  "  parient  never  rec+ivered  conaciousnMts,  and 
(iiert  uliuut  27  lumr-i  nft^-r  thp  aet'ident.  The 
i^kull  wjui  fouuti  to  be  vnry  (yclcnuivclv  frnc- 
turcd  and  htvniorrhat;^-  linJ  oi'<-urrcd  in  vtirioufi 
placed  but  no  k-dion  of  ihu  braiu  waa  found. 

Xa  ptic  CDume,  On  October  13  two  oilditionul 
hieces  of  bone  were  removed.  (SooT.  Chart 
XXIX.) 

A'-eptic  courne.  The  wonnd  had  almont  hc>alf>d 
when  the  patient  wa«  diAibjir^c*!,  to  l»p  treated 
aa  an  out-patient.     (Sec  T.  Chart  XXX. > 


Accidie  rounw.     Tbi'  wound    had  ^iiilc   healed 
when  ttie  pnlU'nt  whs  diM-liari'cd. 

1    I 
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JiSSVLTS  OF  Ayri&EPTIC  SUROEHY 


There  were  thwa  11  cases  of  coiupoiind  fracture  of  the  skull 
two  deaths,  both  due  to  the  nature  of  the  injiuy,  and  both  ocrurrioj 
■within  forty-eight  hours.  In  all  the  9  cases  which  survived  putie- 
faction  was  avoided,  and  the  result  was  good. 

The  whole  residt  of  Mr,  LL?ter's  hospital  practice   in  rei 
eomjK>uiid  fmctures  jiroduced  accidentally  since  1871  is  thereffl 
follows  : — 52  cases  of  comf»ound  fracture  of  the  skull  and  long 
(33  fractures)  were  treated  with  10  deaths. 

Leaving  out  of  consideration  iifre  all  the  cases  which  died 
forty-eight  hours,   we  have  44  cases  (45  fractures)  with  2 

1  from  diphtheria  and  1  from  brohchitia  and  cardiac  diseH8e. 

Or,  taking  the  facts  in  another  way,  and,  as  is  generally 
leaving    out    canes    requiring    j)rimary    amputation,     we     hhxt 
cases    (43    fractures)  treated   conservatively    with    6  deaths; 
omitting    also    cases    wliich    died    witlun   4ii    liours,     and    wi 
have    no   bearing   on   the   point   at    issue,   we  have    38 
■comi>oiind  fractm'e  of  the  skull  and  long  lK>ne3  (39  fractureii) 

2  deathsj  1  of  these  deaths  heing  certainly  independent  of  the 

In  31,  or  81*5  per  cent,,  of  these  cases  the  attempt  to  eradicaiel 
causes  of  putrefaction  was   successful,  and  all   of   these   cases 
covered,  i.e.,  31  comi:>ound  fnictures   of  the  skidl  and  of  the 
bones  were  treated  aseptically  without  a  death  and,  in  the  tsuti 
the  limbs,  without  necessity  for  further  operation. 

I  now  propose  to  consider  the  comix>und  fractures  made  b/ll 

II.  COMPOCNI)  Fra( 
Cwnpound  Ft 


Ko. 

Hume  niul  Ag« 

OpeiBtton  Mid  Dt»- 
cLATKe ;  wlUi  Rwolt 

James  M.,  la    , 

-■JdL,  .Ian.  22,  1873. 
Itiite    (if    HiJtchargc 

not  given. 
Biaultj  cured. 

5fi 

Alexander  W., 
87    ...    . 

Ojp.,  JunelS,  1878. 
Utttitt,  healed. 

5. 

Krnnecft  G.,  W  . 

See  No.  6,  p.  42fi. 

Injury 


Ancbjlosed  knee-joiat.     Kneebntitl 

angles. 


Ununited  IVaciure  of  the  fenmr>joist 

(be  knee-joint. 


Uonnlted  fracture  of  the  neck  of  drtl 


S  COMPOUXD 

irgpon,  iiufi  I  witulcJ  remark  tluit  Mr.  Listor's  osteotomies  were  in 
lo  sense  of  the  word  subcutaneous.  They  were  real  compoxind 
•tnres  ;  the  wound  in  the  bone  communicated  freely  with  the 
ixternal  world  and  a  drainage-tube  in  most  cases  kept  up  this 
jommunication  after  the  operation.  In  some  instances  tlie  bone  was 
nimply  thiselled  jjartly  through  and  then  broken  ;  in  others,  portions 
of  the  l>one  were  removrth  I  have  not  included  in  this  list  exci- 
sions of  joints  for  disease,  {Nirtly  for  the  reasons  stated  on  p.  380,  and 
also  beciiuse  in  almost  all  the  eases  of  diseased  joints,  sinuses  are 
present  before  tlte  jiatientscoine  into  hospital,  and  therefore  the  cases 
cannot  as  a  rule  be  treated  aseptically :  1  or  2  cases  where  a 
joint  was  anchyh>sed,  and  where  a  wedge-shaped  piece  of  bone  was 
removed,  in  other  words  where  a  €^mi}ound  fracture  was  produced  on 
ft  fitalthy  bone,  are  inchided. 

From  these  cases  the  element  of  shock  is  excluded,  and  there- 
fore we  ouglit  to  have  results  comparable  to  the  38  cases  of  com|K>uud 
fracture  with  2  deaths;  and  if  these  deaths  were  really  independent 
of  the  woundj  we  ought  here  to  have  no  deaths  at  all.  Here  also 
the  certainty  as  to  the  ultimate  result  ought  to  be  greater  and  the 
character  of  the  results  better;  for  here  we  have  merely  to  exclude 
le  causes  of  fermentation,  whereas  in  tlie  other  cases  we  had  to 
droy  those  which  had  entered.  In  other  respects  they  are 
tmparable  injuries,  and,  therefore,  at  the  end  I  shall  sum  up  all  the 
an^KJund  fractiues  together,  whether  they  have  been  made  by  the 
rgeon  or  have  occurred  accidentally. 

>£   BY   THE   8L'BG£0.\. 

Femur  {Surgeon), 


TrcMtment 


weilp!-«hapc4  piece  of  bono  wjkf  re- 
moved, and  tn«  leg  was  broii|;ht 
RtraiKbt.  Incuion  mad*!  over  the  svat 
of  fracture. 


ImU  <>r  boncft  refrcflhrd  by  nongt  And 
bamnier.     Wuuud  left  open. 


•rated  wu 


Rcnuu-ks 


Typical  wiM'ptie  courw.  <.>n  Kebruorj'  2  all  the 
ttiitches  were  rtmoved,  uiid  t-VL-ry  thing  wa« 
ti»li?d,  exct*)tt  -where  tbi*  dminage-tnbc  waa. 
All  wjuudly  huab'ti  mi  Fubrurirv  11. 

Aacptic  coum^  CtJiupletely  healed  during 
Au^»t  The  tempi'mturc  waa  tiiken  once 
daih%  anil  vrtut  imly  uuw  up  to  100°.  Uo 
union.     Sec  Xt>s.  b7  and  68. 

AaeptJc  oourK.     (Ste  T.  t'bart  IV.) 


i^ti.  ^u.^U.   u.».»u..U    UAUtJ^V 
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MADE   BT  TI1£   SUUGEON    (cOjUinUcd). 


SiniiUr  ooerAlion  to  the  foniicr.  Fmg- 
nienti*  dhlled  in  twu  pljtc«s  uid  iron 
wjTi  driTen  lu.  Two  woaods  inad«. 
Drainogo-lnbe  Liucrted. 


A  attniilAropeniUnn  wuaf^in  performed, 
aiiit  ihii  H-'f;  wan  jiut  u|>  in  plN^tcr  uf 
Parie  at  ouce.  (Intenni-dlatv  ain]>uU- 
tioQ). 


Kndii  nf  t)UDe  gouged. 
iiie<>rt«d. 


Drsiniifi^  tubes 


^^pAn  inclRinn  was  inndR  above  the  con- 

■  dvlcsufthe  frmnr  down  to  the  bnne. 

■  HerioHlciim   dr-tachod,  and   a  Wftl^^e- 

■  Bhn|>ed   piece  of  the  temsM  reiaovc»d. 
I  Drainage- tabes  inaortecL 

Iiic)«lon  on  uuter  side  of  iliiKh.  Knitu  iif 
bone  rvninved.  BoueJt  drilled  imd  tJLsi 
together  with  silver  wire. 


Incitflon  on  the  oater  tide  of  the  thlch 

Orer  the  scut  (iffrwturc;  l¥>n«»  divided  ; 
Unib  bruuf^ht  Btrnifilit.  Ktid-<  of  Ixino 
nfireshcd  and  tied  itigelhiT  wltbsilver 
win. 


Ends  of  hnnca  refVwihed  and  lied  together 
witb  silver  wire. 


piere  of  Imno  wa*  tnkon 
ffiiiur  iiti  tlif  tuirne  ilny. 
GU.)      l>rainogc-tullM»  iii- 


The  pe;^^  liecamc  loo-c  nnd  werr  n'movc«l  oti  Mnn  h 
16.  The  wound  on  the  Inner  aidL'  htvik'd  April 
39,  and  rhe  other  hoou  a/terwarda.  Limb  kept ' 
io  plaMcr  Ijll  June  8,  and  put  up  a^ainj  till' 
July  Iti,  but  slill  no  union.  The  trin|«nilurQ, 
was  ontt)  up  tn  lOW*  (1(K)-1),  on  the  inorping  i 
after  tite  operation. 

Putrefaction  oeeurred  here  probably  during  (he 
Nppliraliofi  iif  tlie  plniitcr.  Aa  the  t4*ni[M*nitur(! 
wui  ^oinK  up,  Mr.  Lister  Ihou^'ht  it  beat  to 
nmputati*.  Thii  wa«  dune  co  July  22,  and 
the  wound  fnlUiwt»d  a  typical  awptic  cosnn*, 
hridiii^  entirely  by  fintiutentioo  except  wliere 
ibu  draiuaKe-lube  watt. 

Asefttic  omirM-.  The  bIoi)d-d<it  bccaiiH'or(ranij«ed 
at  ufluaL  and  the  ^apiniK'wuund  hnd  Luinpletoty 
cicatriwd  on  St'pt*niU*r  12,  without  any  pus- 
fomiation.  Union  bad  not  occurred  wh^n  the 
patient  left  buspital.  weariutf  an  imnxiviiblc 
apparatus.   (See  T.  Chart  XXXI.)    SceXo.tiS. 

Typical  nivptic  counie.  Xo  auppuration.  Wound 
ciniipl*!lely  healed  on  Novenilwr  M.  Hif^host 
teinnrifAture  wiw  yO**!^.  When  wen  aoine 
wwlc*  after  his  diwhnrge  the  femur  woa  quite 
firm  and  ibe  limb  atraighU 

Aseptic  euurse.  Put  up  In  pinaler  of  Pnria  in 
April.  ApiMuatiu!  taken  down  on  July  h. 
Ikinrt  united.  Wire  rcniorod.  (Sc«  T.  Qiart 
XXXil.) 

A  fcood  deal  of  coiut  Unlional  diaturbance  followed 
the  operatioa  i  the  wound  suppurated  and  al>- 
aocasea  (brmed.  When  tliv  pntitrnt  wn«  iHa- 
charged  a  Kmall  alnua  reuialnfd  unliotiled.  The 
femur  was  quLtr  firm  Jtiid  the  Xvg,  straight,  and 
only  i  in.  .ihurti-r  ihnn  thu  ntbf*r.  One  ur  two 
nniall  pieces  of  Uiuc  ciimo  iiway.  TJllluiatcly 
healed. 

Affeptic  connte.  Patient  wa«  kept  in  ho<ipitaI 
having  variouti  iuiuuivnble  ap{iarntUM.'!(  applied 
at  inten'alji.  but  witen  (liu-luirKed  there  woa 
htlW  a  littlr  mobility.  The  e'ilver  wire  wnn  left 
in,  and  the  fraioiien't^  ultimately  united  without 
further  operaUua.  (See  T.  Chart  XXX  III.; 

Awptic  ronnie.  The  nVht  Jej;  had  ooiiiclotHy 
henU'd  nt  the  cmJ  of  Aufru<,  nnd  the  lift  lUuiofit. 
lloth  limlw  were  put  up  in  planter  of  Pari?  on 
AufCUKt  30.  '\'\\u>  waa  taken  di>wn  i>n  NovtnilHrr 
■to.  when  lioth  b<ine)(  were  found  to  be  united 
(See  T.  Chart  XXXIV.) 


HESULTS   OF  ANTIHEPTIC  smOERy. 


II.   COMPOUKD  Fm 


rhcjiuui  E^  ».J 


Jane  D^  50 


llFatrici-  J.,  14 


KnujJt  .r,  7 


with  A<&ait 


Op-n  AufT.  1. 1876. 
DiM^  l)et  ■».      „ 
Reamtt.  cured. 


p^  Jane  29,  ?877. 
/^M.diiriiiir  jmhtmn. 

Hnntt,  ciircct. 


O/t.,  Xr.v.  V»f>,  1H77. 
/iiV.  .luh  ■-*7.  lH7tf. 
Rtiuit,  curedr 


0}> .  Jtn.  W,  IK79, 
/>i»^  Hw.  14,     „ 
BesMit.  bfaleri. 


0^.,  Mar«li  19,  1879 
Dim,  MAy  1.%         „ 
HenJt,  cured. 


0^.,  April  It.  1870. 
/>M..  Junp»0,    „ 
/r<sN/(,  li(.'Aled. 

Op.,  May  Ifi,  l«7fl. 
/>i»,  July  «,      „ 
RrtnU,  cured. 


Op.  M»r  ai,  1«79. 
/>«..  July  «,     „ 
Hauitt  cured. 


InjnrT 


Ag{^avaicd  kaock-knee  un 


Both    knoe-joinlii    unehyhMed  at 
aoK^e— tlie  rmult  uf  prcviottt 


\jefi  knee-j<HUt  uichyluaiMl  UMrlf  at  i 
•OKle.  1 


Uimnitod  fracturv  or  the   nock  of 
of  sijc  weeks'  vtandiag  (extrac^Ml 


Dtiul^e  gena  valgi 


UnuDlt«d  fracture  of  the  IHimr 


(jenii  ral^m  on  llir  rij^ht  aid*. 


Genu  ralgnm  on  both  «ide». 
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HADE   BY   THE   SUBGSON  (cOiUititted), 


l>«iitaienl 


Bimilar  opp^ntion  Ui  Na  64.     Uminage- 


Lffi  |p(r  opemtod  oa.  Oify  wo  much 
iMtiie  ivmnved  m»  waft  MOSHUV  |o  ob- 
Lnin  a  ntrai^bt  posidou  of  the  limb. 


I'urliirtiit  of  the  end  of  the  feiiiiir  wert'  re- 
moved, nnd  l)>e  If;;  was  f^ot  i>triii(rlil 
■rtiT  dtx'iiiinii  (if  tlie  hanidtriug  teii- 
doa*.    Honobur  drain. 


A  tnnf:  Indi^ion  wiu  madp  <«  the  outer 
«ide(ifllir  tbitfl)  ovit  thr  grmX  tro- 
chuitrr.  'Hh'  frupiientx  refreihed  lod 
twn  drAiuBtfc-tubeB  iamted.  Lon^ 
splint. 


BotnArlo 


MacEwtm'M  oiwrotlon  on  lioib  tlii^KM  at 
the  oauKi  time.  Droinoi^t^  tuljfM  ia- 
rertcd. 


Knds  uf  frAgmmtii   refreshed  «nd  tied 
together  with  titver  wire. 


UftoKwen'r  op<>rmtion  on  the  right  thigh. 
Prai Huge- tubed  iiuwrtod. 


^AcKwen's  opcratiun  on  ttoth  UinhA  nn 
thn  winic  day.  DniQa^e-Lulirfi  iii- 
acrtcd. 


Aaentic  coune.  Woand«  quite  superliciul  nnd 
aimoAt  healed  nn  Soptumlwr  1.  Tni>  femur  wan 
((liitu  lirni  on  September  4,  but  there  wan  still 
(ilit^ht  divetvence  uutwiird!<>.  Thitt  wnn  due  to 
WKDt  nf  care  in  adjuftttog  the  fplinLs  during 
the  holida^'K, 

Aseptic  rourse.  The  creator  part  of  the  wnund 
healed  by  tint  intenliun,  but  two  !tinu.<Hit  were 
tttill  nnhfalfd  in  tli»'  tx-jfinu'"*?  '^^  Nepri'mbfr 
when  Mr.  Lister  left  Kdiuhurffh.  1  honr  iha( 
tfaf  patient  U-A  the  hospital  wiun  uftcrwardii. 
with  (he  wofind5  quite  healed  and  able  in  move 
hia  knee  very  Hlii^hMy  (a  moviil>le  knee-jtdnt 
was  aimed  ac  in  the  drst  in«tauct>). 

A»eptie  cnunte.  W'onnd  luuiling  by  flnit  Jntentiim 
exL-ept  where  the  drain  waa.  'Tlie  drain  waa 
n*maved  on  January'  yi.  A  amall  abaoeaa 
formfd  «in  the  oiit<ir  Hide  of  the  kne**.  and  was 
openifi  on  Frhninr)-  5.  A  minute  sinuw  remained 
here  for  a  luiif;  time,  the  wound  hvinn  aoundJy 
healed  and  the  bone«  firm.  It  healed  i  few 
days  after  tlie  patient  wan  sent  toa  oonralewent 
home. 

There  waA  conjiidcrabtc  eonctitutlnnnl  dl-durbance 
after  the  openttion,  and  the  ti'mp<*rature  at 
times  wn»  ax  liit^h  tut  lOI-tl'*.  A  little  mippiirn- 
tlon  occurred  from  the  wound,  but  the  greHti-r 
part  heale<l  by  first  intention.  A  little  hit  of 
looM  dead  biiH'  (apparently  a  ehip  fmm  the 
operation)  was  removed  on  November  II,  and 
tien  the  riuQn  at  once  clowd.  Union  did  not 
oeeur.  From  the  hich  teni(>omlure  and  the 
suppuration  it  is  prt^LMihle  that  M>nie  ferment 
had  Kf^it  in,  but  the  discharge  wu^noC  exainioed, 
and  it  never  hail  anv  iimell.  (See  T,  Chart 
XXXV.) 

Aaeptic  coarse.     Both  wounds  had  healed  at  the  ; 
end    of   A]>ril.     Union    wa**    then    complete. 
Pnrient    U-ffun  to  walk  on   Mav   o.    (Sea  T. 
Chart  XXXVI.) 

Aaeptie  conme.  No  siippuratirm.  Wound  healed 
about  May  15.  Patient  wna  diwharged  wearing 
an  apparatus,  but  union  did  uot  occur. 

Aaeptic  course.  Healed  about  June  o.  Splints 
removed  and  bones  united  on  June  'iS.  iWaa 
to  walk  on  June  29.    (See  T.Chart  XXXVIl.) 


Aaeptic  cnirse.  Hoih  wounds  had  healed  by 
June  10.  Union  perfect  on  June  30.  Joints 
frvely  ui«)vab1e.     (See  T.Chart  XXXV1I1.) 
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II,  CoMPOtrnD  Fra( 


So. 


7a 


74 


Ifatnesnd  Aga 


LydU  W\  9 


Rthcl  S^  5 


John  M.,  15 


Henry  D^  17  . 


DttU>  of  Opemilon 

will  Dlnrliuyu  ; 

with  FtMtdt 


0/>.,  July  i*.  1K70. 
IU»\di,  cured. 
0>).,  i)ct.  15,  IB73. 
RamlU  curcU. 


Op..  Oct.  22,  1880. 
//i»,  Jan.  8,  1881. 
Jiamltf  cureii. 

O/i^  Nov.  6.  18fl0. 
/««.,  Jan,  7,  1881. 
JieMuU,  cuml. 


lajatj 


Gt:na  vatipim  on  right  side,    isee  aUo  Xa.  I 


]>oubl('  gonn  Tfllj;um. 


Genu  valgum  mi  the  right  $](]«. 


Buny  Anchylosis  of  kuc^joint  of  mf^ht  , 
aUndiog  :  leg  at  right  anglea  tu  iht  tUflkl 


"We  have  thus  23  cases  in  which  comixjund  fractures  of  the  fci 
have  been  made  by  the  surgeon  (^27  comjiound  fractures).    Id 
but  3  ciises  there  was  a  typical  aseptic  courae,  i,€,j  the  jwtient  atci 
well  and  was  as  well  in  every  respect  as  if  he  had  not  been  operated  i 
while  there  was  no  .suppuration  from  the  deeper  jxirts  of  the  wot 

Compowid  Ft 


77 


7S 


flO 


BL 


John  C,  44 

John  C.,  45 
John  0, 45 

Elua  L.,  34 


O/).,  Ati^.  2S,  1872.      UDonitedfVactureof  bolh  bnnfla  of  tba  !«■ 
He$ult,  heuleiL 


0/1.,  July  nn,  1 873. 
Jtesult^  healed. 


Ojt.,  Jan.  IB,  1874. 
nu.,  Sept.  3.     „ 
licsuit,  cured. 


Op.,  June  6.  1874. 
JiiM.,  Aug.  IS,   „ 
lirxuh,  cured. 

f)/»..  March  17.  187.^ 
Exnct   date   of  dis- 

chfir^*'  Ciinnut  be 

Nst'erliiiDi-d. 
Jirsultt  cured. 


Former  caw  (Na  77).    Still  snunil«d. 


Former  case  (Koa.  77  and  78).    Tibia 

ununited. 


Dndly  united  Po(t*a  fracture     Lfg 
cveruid. 


FntH-nt  (No.  80)  hiul  qm^  hrrfbot 
and  there  waaoomurctunt  of  tbe< 
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MADE  BY  THE  SuROEON  {contimie^). 


Trestnietit 


Miti-Kwpn'ii  o]>eratioti. 
instcned. 


Dminage-tubf 


MjtKwmi'*   openitian    on  both    aHca. 
Ilruiuitgv-tuU-4  inserted. 


iUcEwcn'fl  opcrati(^  on  the  ri^ht  sJde. 


Wedtce-fthiipcd  picoo  of  boce  remored. 
Horee-hiiir  (troio. 


Bemnilci 


As45prin  coune.  Xo  date  of  henlinfr.  Allowed  to 
P't  tip  f"r  the  firiFttime  nn  Aot^ust  12.  Union 
Uien  ^lerfcct  and  woand  lienlcd. 

Nolocnl  disturbnncr,  but  the  tpmppnjtnrp  ro»o  a 
little  fnr  n  diiy  or  Iwn,  b<*infr  (>nr«  ma  high  tin 
Iftl*'.  The  rhildf  bowevrr,  wan  quit**  well.  On 
November  6  one  wouiitl  wba  liOAl'^d  and  the 
other  no>«Hy  no.  Roth  Icj^  wcnipd  to  bu  firm 
at  that  time.    (See  T.  Omrt  XXXIX.) 

Aiieptlc  choree.  Wound  saperficinl  on  Kovcmbcr 
10,  and  boracic  drettlnir  api^ied.  Pnttcnt  f^ot 
up  on  December  4.     (See  T.  Chart  XL.) 

Aseptic  eonrse.  On  Derenibcr  9  all  hpalpd  except 
two  Kpotfl  where  the  dmin  wn^.  Fntifnt  ^ot  up 
on  JanuMT  2.  Seen  la^tt  nn  March  2<>,  wln^  he 
could  walk  well  without  nnv  sup])orL  Bouca 
quite  firm.    (See  T.  Clinit  XLl.) 


and  as  a  nile  nr>ne  at  all  from  the  superficial  part.  In  owe  case 
where  putrefaction  occurred,  secondary  am]>ntAtion  wa.s  performed  a.s 
being  the  safest  treatment  and  also  the  beet  when  the  difficulty  in 
getting  union  and  the  shortening  of  the  Hmb  were  taken  into 
account. 

o/  the  Leg  {Surgeon), 


Endjt  nf  the  1>onM  rffri'fthpfl  nml  limiich( 
into  good  jioaitioD.    Wound  lelt  upi-n. 


Siniilar  operation. 


'Similar    operation.       Iron     pegs    were 
driven  into  the  tibia. 


Fibula  ilrvldeil  obliquely.  Foot  brouEbt 
t>trni{[>bt.  Wound  loft  open.  Pupujr- 
tri-n'ft  pplint. 

Similar  truatmrat* 


Awptic  cnnrsp.  On  Novemher  B  thfi  fimh  wm 
put  ufi  in  plniftor  of  I'arin.  Thi*  wa.**  rcapTilitMi 
Mveral  times  till  July.  1879,  but  union  dia  not 
take  place.    Sec  No.  76. 

Aneptic  wmrse  On  Septrmb^r  S  the  wound  wa* 
f)inall  an«]  nuite  fiu)K<rficii)L  The  fibula  uuited, 
but  the  tibia  did  not.    Sec  No.  79. 

Aseptic  ctmrse.  On  M^rch  12  union  was  foond 
to  have  nceurred,  and  thv  \w\i%  were  removed. 
The  rut  of  the  wound  hnrl  healed.  The  pident 
waSt  however,  kept  in  hospital  for  some  time. 

Aseptic  cnurs*.  Wound  had  befJed  and  the 
bonoA  were  apparently  firm  when  tbo  patient 
wiLS  di.trhargpd. 

Aseptic  course.  Kept  longer  in  an  api>arntu-«. 
On  this  nrduiinTi  the  cure  wospcrmaucuL  (8ee 
T.ChartXLII.) 


4lt2 


JiESl'LT^   OF  ANTISEPTIC  SUHUERi'. 


IT.  CoKPorvD  ^u< 


No. 


82 


83 


M 


M5 


m 


87 


8S 


90 


Xuue  Bad  Aff* 


Duten'  Openitina 
uitb  KMtat 


Horttia  C»  28 


WUllMnM.,36 


Martha  C,  28 


Finlii.vMcD.,20. 


Alexander  A. ,23 


Lrdin  U'., « 


Henry  a,  32 


Frederick  A.,  2tl 


Joseph  B.,  S. 


()f».,  Atxz.  18. 1875. 
/;*■*.,  (W.  2,  187fi. 
RtMvlt.  healed. 


pp..  Doc.  21,  187fi. 
/>!*.,  Mareh  2,  1876. 
tUsuIlt  cured. 


Op^  Feh.  27.  1876. 
Hrtult,  cured. 


On.,. 

ilis.y  J  UUP  y, 

lUttUti  cured. 


Op.,  July  19.  187: 
/>«..  Oct.  13.  „ 
Resiiit.  cured. 


0;».,  Jiilv  9.  1H7II. 
/>«^  Au'k-  13,  „ 
ReBuItt  curvd. 


0/j..  Dio.  12.  1H7!1. 
/>>>.,  MnrrhUl.tSHO. 
RtMuti,  cuTtd. 


Ofl.,  Nov.  6,  1870. 
Bis.,  Dec.  16,  1879. 
Hejutt,  cnrvd. 


Op.,  June  18. 1680. 
/>!«.,  July  15,  ISSO. 
Rrtnli.  curvd. 


Injur/ 


Confreoitol  deformity  of  ri|;ht  fiiot. 
piun   of  foot,  ttiP  inner  surfmtx  of 
foniied  an  uigle  of  140^  with  the 
the  l':g. 


Badly  united  fracture  nf  Ute  \^  witb 
placement  nf  the  fiH>t  b&ckirmnli. 
fuorteen  tnixitha*  stAnding. 


See  CAM  No.  82. 


ItiMlly  uriilod  fracture  of  ImiIIi  iMinrfi 
lf>^,  juHt  bcliiw  the  tuberuBitr  pf  X\m\ 
Leg  bent  iawaida. 


Ununited  fracture  of  both  bonrs  of  the  \ 
the  junction  <tf  the  middle  and  lo'Wtfl 
Cf  Amrtcon  weeks'  sundinf^. 


Rickety  dcfomiity  vK  one  leg.     Sea 


Itadly   nnitt^l 
everted. 


Full's  frachire.     Foot 


Patient  waa  ndmittetl  a  fbrtniicbt 
with  Minple  fniclur*  of  both 
le^.     A   fra^ient   of   the    tibia 
under  the  skin,  catmng  ffivtt 
thivatening  tu  protrude. 

RIekety  deformity  of  both  leg*. 


MJl  LJSTjEH'S  COMrOl/X2)  FltACTUJtEH. 
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MADE   BY  7H£  SU&G£OV  icontin%tid). 


^huU  rut  thruu(;h  uid  a  wnli;e^lia|>ed 
portion  of  biine  removed  frum  the  titiM. 
KxlcntHir  tfotluns  divided.  Bon«»  tied 
t*>>;cihcr  bv  sitrer  wire.  Fool  bro«i|;nt 
intcj  •trnigbt  poditinn. 


Tibia  aod  libulA  divided  by  laternl  inci- 
sionit.  KiK)t  brou^cht  ntraiiijlit.  Du- 
puytri'n  niid  UorsuitlKM.'  Mpliiitii. 


Sodn  of  frnjrmcntjt  refrp«hed.  .Similar 
ancr-troatn)**ni  to  that  fonnerl^r 
a<Ul|lti^cL 


Fibula  rut  nrrnM.  WodgA-ahaped  ptfcf 
uf  \i**\\ii  removed  tmm  l.b«  tibia.  A 
piirtlnii  vX  the  ilbula  rut  away.  Lf^f 
stroiKhteii^iU  and  wuuodn  left  upeo< 


IS  fnrer  each  bone,  and  the  fra^- 
■•bU  refreshed.  Iron  petcs  drivfn 
Into  the  fragmcnta  ul'  Uie  tibiju 


Indt^on*  over  the  lionea  which  were  then 
4-ut  ficnit''.  Drainaue-tubfw  inM>rteil. 
Nn  ntitchea. 


An  intri:tii>n  wan  mnileuvpr  the  iitenf  thp 
former  fracture,  uud  the  fibuU  ilividt^l 
obliquely.     Fotjt  inverted  bymeannof 

Eulley  a.       Drat  nai^e-tubea     iiiacrtcd . 
lopuytren's  aplint. 


Sir.  Lister  cut  down  nn  and  remo\*t^  the 
prtijertiniijC  portion,  Ihua  caiuing  a  com- 
pound fkvoture. 


Inrifitonii    over    tbo    tibiA    and     Abula, 
[  B<>ni;H  divided.      Wnunrls    tt-fl    open. 

\  iiotb  leK"  o|Mtrat«d  utt. 

I 


Aseptic  onurae.  Wouodaauperficial  on  Seutciober 
IB.  When  utea  in  Februarr,  1876,  the  bone 
wad  fltill  uQunlttNl.  See  No.  ^.  (See  T.  ChitfC 


Ascpfif  coarse.    Boneii  ftnnly  united  and  only 
little  npeck  to  heal  on  February  1. 


Aa'plie  rtmrw.  On  thU  (wrafllon  union  took 
[•lace,  but  the  daten  of  union  tind  diik-burgo  ar? 
nut  given  in  the  note  iMNika. 


Aneplit*  rourae.  Tibial  wuund  fnnnd  healed  ou 
Mnrcb  1,  and  the  Hbulnr  on  Mnrcli  ^.  riMlnr 
of  Pari«  removed  on  March  lU,  and  the  ljoni*a 
found  to  bo  fimi.  It  was  ri-nppUcd  rill 
May  t,  when  It  wait  finally  left  otT.  the  Wmv*. 
bciutf  quite  firm  and  MtrwiK,  (*^<'  T.  rharl 
XLIV.) 

A»rptic  conrte.  The  temperature  roi»e  on  one 
owaMon  an  hi;:h  as  9\}\*r>.  Iron  pegs  reinorrd 
nn  September  1»  and  wnundn  healed  a  few  d«y» 
later.  On  October  4  the  boaet  werotonnd'co 
bv  quite  united. 

Awptic  course.  Date  of  healing  not  given.  Pa- 
tient Allowed  to  «et  up  for  the  Hmt  time  on 
Augu.'it  13.  Union  then  perfect  and  thcwoundw 
({iiite  healrd. 


Afieptic  courw*.  Woiitid  rpiile  Muperficial  and 
tjuracicdres»tin<;  applied  on  January  16.  Splint 
ieft  off  and  patu-ni  allowetl  to  get  up  on  Feb- 
ruary 24.  There  wo*  a  little  |HJtnting  of  the 
tora,  which  wan  overromo  by  elastic  force.  (See 
T.  Chait  XLV.) 

AwpHc  coun«e.  On  Xnverulier  17  the  wound  was 
■  jjiiile  sujierticiul,  and  iKtnicic  dre.<wing  was  ap- 
l^li^'d.  Tht*  wound  was  healed  and  the  bones 
linn  when  the  patient  left  the  hospital. 


.AS'ptic  course.  No  date  of  healing.  Wounds 
ifuite  hrjkled  and  ihr?  Imnes  finti  when  I  he  pa- 
tient waa  diaciiargwl.     (See  T.  Chtirt  XUVl.J 
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HESULTS   OF  AyTlSEPTlC  SUnG£2ir. 


II.   COMPOUFTD    FraCTUSB 


No. 
HI 

Nftine  and  A^o 

ftnd  IHtchurve : 
wlUi  Iletnlt 

Irjaiy 

Op^  Ck'U  2!>,  1880. 
/;u.,  Ik'c.  20,    „ 
ICattit,  cured. 

Bwt  rickety  dcTonnily  iiT  Itofh  l^ga. 

Fifteen  pationts  with  c^ompouTid  fracture  of  the  leg  were  tr< 
without  a  dtJiilU  ;  Jiiid  In  these  i;a8e8  there  were  31  ae|>arate  comi»oi 

Compofind  FrridHrtM^ 


92 


V.1 


Dl 


Henry  F..  16 


William  A.,  Tl 


KliwiljotIiII./-'*J 


OfK.  Feb.  4,  1875. 
//w.,  March  2,  „ 
HtMuitf  cQivd. 

O/;.,  Junw  I,  1877. 
Hrsmit,  cured. 

O/.^  Keh.  12,  IHT'J. 
/>«..  April  i2,    „ 

In  proccfW  of  cure 


Simple  frnctim'  nf  (Iip  cUvicIc;  a  fr 
|in.jc»:lin}{  undrr  tlie  Hkin,  vauniot; 
jijiin  nnil  initrfma^  with  the  b^i 
*»(  Iho  fraoturr. 

DnrednrfHl  dii>l<)csiton  nf  the  acmmial  raHi 
the  clavicle  Of  ten  wt^^k*'  lUodii 
rHlit-nt  cjinnot.  imp  the  nrm  wvll. 

(.Vrvical    rib  prc^tMnp  forwnnl    I  he 
plrxii^  n  id  cnuHinK  unnl  jAJii.      I'»I* 
ViTv  liyHierical. 


There  were  3  rom]»oiind  fnictures  of  tFie  clnviele  without  anv 


95     Alexandcrf^&Q 


M 


Umm  MoB^  4K 


Jolrn  U.,  14 


0/r,Fpb.D,  IR72. 
/>w^  Sept.  fi,  „ 

lu  ]iniC«'JWt  v(  CMTf, 


Op.,  FAk  12,  l«7-2. 
ffii»OcU  Hi,    „ 
Hcsutt,  cured. 


Op.,  TVr.  rt,  1R7>. 
/)i».,  Ki'b.  11.  Ift73. 


C&mjHJUfui  fradartt 

Ufiunfl**!  frnrlun-  of  th«>  hmnKm^  (/ trtj 
vpfir-t'  !«UmUiiK'.  Vttrit.im  nK>th«Mj^<if  Efis>>( 
Ilium  lijid  Ih'uii  [ireviouvly  adoptrd. 


rnunittnl  fmcture  nf  the   huircroi  tf 
jimminn  of  the  uppt-r  niid  middlu 
Of  SIX  montbtt*  staudiug. 


Fr/irhirr  iif  lower  ('nd  of  bumf^riu  witk 
ealii>».     {>(  &va  months'  atattiling. 


^RES. 


4^ 


MADE  BY  THE  SURGBOK   {conimued). 


lluth  iMHit^  io  tMith  Ifpt   diviil*'(l,  ntul 

tlift  tiliU.    On  tlic  riglit  niilc  ibo  bonc^ 
wurv  ilivitlcd  In  two  pUceji. 


Bcmwk* 


AM'ptic  euur«^.  WouckIii  ttnfHTfictnl  an*!  f.\trny 
HtoiijwN)  nn  Sovi'mU-rti.  Kxact  tliitcuf  healinj; 
iir>t  ^iveti;  it  wtu  apfittirntty  nhntit  llip  «*ml  iif 
N4)Vi>inl)»>r.  SpliiiM  n-iiini-ifl  anil  the*  }Miti4'ni 
KllnMri^]  Ui  walk  un  l>eceiiit»er  14.  (Spo  T. 
CImrtXKVlI.) 


fra^'tureH   made.     In   no   instance   did   any  local  or  constitutional 
<list  urbance  follow  the  operation. 


ilte  CUipicU  (Snryton). 


Mr.  LUter  cut  dnwn  nnd  rcmnvcHl  thiK 
InoM  portion,  \\\n*  e'>nv«Ttin^  tht*  a^c 
Into  ooo  of*  ofnp"und  fruct lire.  Prain- 
■P^tulw  ioarrtud. 

ArlicuUr  Hiirfnren  nrmovHl  mul  ihe  ciMiM 
of  tbe  bfjnc  tii-d  to^ctli^r  wit'q  silver 
wire,    Woaod  left  open. 

Mr  Liftt«r  cut   down  nnd  divided  th<> 

rlavicli>.  Ornwinjf  nfidc  vwwl.*,  Ar., 
herotiKVC'd  thcrD).  wliieli  wiunttJiclicH) 
totbej'lxthcfrvicnl  vtTli-tira,  niidnrll- 
rutntnl  with  the  \\t*\  and  fw^vmd  rilw 
in  front.  (.'Invirlc  Ui'd  wllh  silver  wire. 
t>rainAij:e-tul>e»  inwrtvd. 


AMptic  ronrae.    Tlic  wound  had  titaleU  nnd  thv 
bono  finuW  united  oii  Man.-h  G. 


A«*iilic  ciiiirw.  Wire  rvmnvcd  on  July  15. 
HcjiJwI  <m  JuJy  24.  rnlon  wiiR|irrf«v(  ttnd  tlir 
movr>tni'nt!t  wi^n*  (rrnirly  inipruvotl  wln-n  tlii< 
patimt  Ifft  I»iH|iitKl.     \J^'  \\  i:hi»rt  XI.VIH,) 

Adcptic  n»>ir-c  Wrrfind  Itealed  l>y  lin*t  inlen- 
titin,  rstt-p!  mhorr  th^  r]riiiaap'-i  id'^  wnn. 
WfMind  unit**  li«'jd«Mi  nn  Mnn'h  12.  Tin*  flitvlidu 
did  not  unitr  rirmlv  till  Mk  ptnnlwr.  \Vin' n'- 
movuii  during  Noveml»cr.  (St-cT.  Cliart  XLIX.) 


mymptom. 

Kndft  nf  friit(nirnti  xnwu  utT.  iMitifi  tini 
tofi^Lliur  liy  silver  wire.     Wound  \v\\ 


open. 


Cndn   nf  frnenipntJi  rcfniihcd  and  tied 
toirethor  with  rilvcr  wire.    Dralnnge- 

tub«  inacrteil. 


[cMon  nf  rlttow-joint  by  a  UmgttuitU 
tml  inri<*i4>n. 


AHTptir  wiUMe.  Wire  removcii  dnrJn;;  March,  nnd 
ihr  woijrtil  quite  iM'aleil  on  April  •!.  '['he  Imhic 
•'Fi.H  alino^t,  hiit  tiol  (vtvwdillrly,  firm,  and  thf 
(Mitli'iit  wiu(  diitL'lin r^^cU  wearing  a  .illicat^*  appa- 
rntn.H. 

AM'-ptic  cuurw.  Thi*  KrivittT  part  of  tht'  wound 
bMlrd  typically,  hut  a  mnu*  rvninine<]  nroiind 
th«  wire  leading  down  to  bare  bone.  On  June 
8,  oMwicw  union  was  romph-U'.  Win*  nrinovt>d 
on  Aucii't  2Jl.  When  divhnrjiwl  thwrp  was 
still  a  sinus  li>adiu^  duwn  to  bare  bone. 

Xn  rnnRtitotmnnl  c)i.<<tarbanc«.  A  amall  altfceaa 
formi'd  on  thiy  tmter  part  of  the  lirnli,  nnd  wax 
openwl  on  iN'ctinibcr  20.  It  had  hi'nh'd  iin 
•Innnnrv  *i**.  The  njH'rnrion  wonnd  hud  en- 
tiri'ly  Itciited  tm  .Innunry  (!.  exit^pt  ri  rntniitf 
An)ifrtk-inl  crrick  wi(h  ihv  healing  of  whi«')i  Uie 
niov(*im>nt  rif  ihn  nrrn  AoenictI  for  winic  lime  tn 
inltrfere.  Ttic  movement  wiis  ^u\A  when  pa- 
tient wnfl  di.Hchnrged. 
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REiSULTH  OF  ASTISEPTIV  SVROBRy 


IL  CoMPorxT)  Ffc 


98 


lOo 


101 


103 


tos 


Nune  uid  Agv 


l'et«r  b,  1 1. 


Donald  Met. -15. 


James  J-  34 


John  N^  15  .    . 


JvMie  S.,  14 


Edward  W.,  12 


Date  or  UrwnitOD 

and  tHsoharffv ; 

with  Remit 


Op,  Dec  2, 1872. 
DU^Yth.  n^lHTS. 
AemA  curad. 

Op.,  Nnv.  14,  1874. 

RuHitt  cured. 


Op..  D«e.  15.  1875. 
/fM.,  June  8,  1H76, 
In  proce-a  of  core. 


Oj:,  Xov.  27,  IH75. 

/>»».,  .Iho.  ;;i,  IH76. 

Jtrsuit,  cured. 


Op.,  Ane.  21.  1875. 
l)nle  of  dicM-'hargt!  is 

not  given. 
RvauH^  4.-ured. 

Op..  Jan.  1.1.  IH79. 
In  procoM  of  L'un>. 


Iniary 


Similar  injury-  to  that  in  No.  97. 


t'nilnit*»d  fmnure  of  bumeruit 
iU  raiddlo.    Of  Afteen  month** 


Fracture  of   lower    i-nd    nf    hoi 
Inability  lu  u^   the  ftrnj.    Uotie 

previotuly. 


Biidiv  nnited  frarttire  (tf  thr  liuui»^i 

xitt  middle,  the  ann  IwJng  bent  iai 


Ofliieuuii  anchyliiHA  of  the  elbow-jof: 
»rrAitcht  pwiiioD.  tht-  result  uf  d 
turc. 


Badly    united    firactur?    of    hu 
0]>ernlionA  on  JoiiitH,  Xo.  Itf,  y.  iS^ 


Thufl   we   have  9  compound  fractures  of  the   liuinerus 

Cofupounil  Fradt 


104 

106 


lOG 


107 


t06 


John  McI.  S4   . 
Thonuu  W.,  14. 

Alexander— ,26 
J.  McJ..  .10  ,     . 

James  S.,  55     . 


HeuuU^  cured. 


pp.,  Mav  «,  1878. 
Dim..  Xov.  2<),  „ 
Rk4hU,  rurcd. 


Op^  Xov.  U),  1875, 
RtMult.  eiiri'd. 


0^}..  Jan.  15.  1876. 
/fc».,  AprU  IS,  „ 
Rautt.  cured. 


PphJm.  26.1877. 
Dim  ,  June  19.    „ 
Rau't.  ciiie«l. 


Unuuitrd  frnotiire  iif  olccriinon. 
tiiiii-1  un  JoiiiIp,  Xn.  n.  [K  43ft>. 


Ununited  fracture  of  radiaa.    See  Xi 
476, 


D{.<dipe&lIon  (^  the  head  fif  the  mUta 
wnrJH.     .Sw  OjH'mriunij  on  Jtitnt^3 

Unnnited  f^etarenf  the  rmdiu*;  of 
Dumlhs'  sUndinf:^.  Hat)  li^tm  pn 
oprmti'd  «m  liv  niMttiicr  ftury^eun.  1 
of  the  U»no6  were  nut  in  cnntaol. 

Ununited  fracture  nf  the  mdiuat  «tfi 
tVTii  weeks^  »tAndtit|{. 


Mli,   LhSTEJiS   COMPOUND  FliAL'TVliEa. 


4iir 


MADE   BT   THE   KUBOCON   (eOTlltmiAc/). 


Tniotuirat 


KxcirliH)  uf  clbuw-Juiut  bjr « loujfiuulinii] 


jfL-llur  witli  ailvt-r  win:,     VVomiil  \vi\ 

t>|H'tl. 

Kxi-iBJoii  uf  I'lbuw-juint  by  lutif;iruititi«l 
iuebivii. 


Hone  dirJficd  liy  hnmmrr  antJ  fliiw!  mid 
Imiui^lil  mill  |ir<i|H-r  [»i  Mtinii.     lirjui- 

B{)|tlivil  nl  oiici*. 

i  Kxc'i-ioi*  ufclUiw  by  U-iiiciniuu. 


KeiuArlu 


k^  h\v\  re^ultx. 
Fvrettrm  (Sunjemi), 


ptMC  Df  bnm!  WAX  cat  uiii  of  ihe  uliin 
tt>  iitUiw  thr  rniU  of  thernfliuh  toui<iiK> 
iiit<>  i-Mitltii'l.  'I'ltt'  i-n<i»  III  llu*  riulhi^ 
nevrv  rvfrvnhvti  KniKniwit)*  liwl  ti<- 
gftbur  ty  •ilvur  wire.    Left  upcn. 


Ulna  (livi(|(>d  jiiii)  a  jmrtion  reinaviHl. 
Tli»*  vimU  uf  tlie  radiuH  refrvulieil. 
KriKiiii-iiM  tird  li»i;etlu'r  wiiL  ftilvcr 
wii-e.     Wuundit  left  u|K-ti. 

£ntls  uf  riidiuM  rvfrcflivd.  A  |ii«i»  cnt 
■•ut  nf  titi'  ulnft.  Kriit;i)U-ut?<  ii«d  Ui- 
i;Kil»fr  with  silver  wire.  Wountla  Itfl 
iipeii. 


AN(!|ttic  cnurnc,  except  thiit  tlw  druiiufi^o  wiui 
nut  ^ikxI  fur  (he  first  day  ur  tM't^  'I'lie  itouiid 
bud  iniiiplt'teiy  hi;;ilinl  uii  January  27.  Movv- 
iiH'ntH  tithA  wtica  UidcUArjied. 

vV !*(>* ic  cunr«.  Wountl  quite  heitleit  on  t)eccin- 
bvr  :f7.  I'uluii  wsa  cuiiplctv  uid  wirv  rutiH^vvd 
nn  t'ebruftn*  'Jl. 

TUc  wiiumi  vrnit  lui  ucit  till  lli<-  (_!briKtiiiii)i  huli 
dnvM,  wlifi)  ii  pirrrlicd.  AHi-r  that  jiii  nl>M.'ew< 
funiii-U  in  (lie  upiwr  unii.  In  Murcli  only  Iwn 
ttiiiUriCit  reiiininfil  to  lionl.  It  l»  nut  AtAtvd 
wlietlu-r  ilie^^i-  luid  oiiiu  Iirtrty  lifiiU'd  wlicii  [>a- 
Ui-iit  woA  diActmr^'d.     MovunmuUt  fjir. 

Aseptic  cuun>i\  Thi*  wuuud  ImdctMiiplvtcly  bealnl 
on  JtiiiUAry  M*.  'I'Uu  bune^  wi-rt*  liiui  wlien 
putiuiit  wiiM  di>cUni}j!i)d. 


A«'plir  cttun*c.  Th**  inclMonff  w«*rr  ^itlt«* 
bc:ilt'il  «m  Sfptt-iiibcf  'ij,  MuvviiU'ii.))  giwid. 
tSfi-  T.  Clmrt  L.J 


AiH'ptiv  ciurHT. 


AACptic  i-uunsF. 


AMptii:  cnurw.  Plnnler  uf  ^^i^i.>4  ftpplicd  <m  July 
'JH,  wliiM  lM»tb  wti)ih(bi  %rn'  bi-tilrd.  Uriniiveil 
■  111  Nnvrifibrr  17,  wlirn  iiniitii  nuy  rmiip'cie. 
VVirc^  iilf*4>  n'MiMvc  i  mi  iliiiid:iy,  Se*'u  iiimiii 
in  Mnri'h,  1871.  ubcii  tJic  ftrnt  wiu  t>trim^^ 
and  in  l-vltv  way  ptrfetiiy  usutul. 


AflPptic  OOIUTM. 


Awptic  COUP*.     Tlu-    wiiiiifliii    (mil    hvnlvtl    and 
iiiiiun  wiM  complete  wliGu  tbc  pnliuiit  wiu«  diii- 

r'bnrjjcd. 


Aipptlc  euniiw.  Both  wcjuikU  hud  ht^Btnl  lu  ilx 
we«l(ii  withuiit  liny  pus  fimniiiiixi  wbHicvvr. 
I'liiAter  iif  Furi.-*  wuh  npplied  on  Mun^li  i\. 
Appuintii^rvniitvcd  mi  Jmw  '2.  wtion  uiiimt  Wll^ 
miiiiplclf.  WirL>H  rvuiovtid  uu  tluU  day.  (Uw 
r.  CbftftLl.) 
K    K 
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RESULTS  OF  ANTISEPTIC  SURGERV. 


n.  Compound  Fracti 


No, 


m 


no 


KuDe  mmI  Ago 


VViUiaiu  fi^  45 


Johu  H.  28  . 


with  ItfUlt 


Op.,  Mnrch  20,  187U. 
Rrtmlt^  curc<i. 


0/j..  Jan.  11,  1881. 
/Vij.,  Mnrch  h,  „ 
Retultf  cured. 


Injuiy 


Untinitvd   frnotnrc  »t  the  olecranon. 
Operatioru  on  JoioLa,  Nu.  17,  p.  432. 


Cimnite'1  fracture  of  both  bones  of  tbe 
vm.    thv    result    nf    a    niachin« 
elevQU  luunttu'  iircvionaly. 


Stc 


In  all  Lliere  were  7  cased  of  compound  fmcture  of  the  fore-arm 


Mnggie  C,  17 


Op.,  April  1.  lS7r>. 

His..  M«y  1-J.    .. 

fietuit,  imprMVed. 

Onrt  case  of  runi- 
p(»uui]  fracture  of 
tlie  lower  jaw, 
which  did  ■wftJ. 


Compound  FraHun  of 

Anchylosis  of  tmo  ride  of  tlie  jmr.     Iwm 
fimilv  closed.    The  result  uf  uld  itecftnih 


Following  the  example  of  most  writers  who  discnsa  the 
resuUs  of  compound  fracture,  I  shall  now  leave  out  of  consider- 
ation the  cMises  in  which  primary  amputation  was  perfonued, 
and  also  those  which  died  within  forty-eight  hours.  The 
following  result  will  then  be  ohtjiined.  Since  the  end  of 
1871  up  to  the  present  time  Mr.  Lisler  has  had  under  his  care 
95*  patients  affected  with  compound  fractiu-es;  of  these  95 
patients  only  2  died.  (The  number  is  apparently  97,  but  % 
]>atirnts  are  oiich  counted  twice.)  1  may  tubulate  the  result 
as  follows : 


rBrt Injured 

No.  of  cam 

>*D.  of  rIffEthi 

Femur    . 

2f» 

1 

Bones  of  leg 

34 

1 

Clavicle 

3 



Humerus 

\% 



Forc-rtrni 

12 



Skill]      . 

9 



Lower  jaw 

1 

— 

Total 


97 


Total  N«.  of 

IrnrHirrs 

3U 

60 

8 

IS 

16 

9. 

1 

121 


B«ooDdw9> 

uiipntAtlaaa 

1 

2 


A  patient  nn  whom  an  operation  has  been  performed,  whom  wound  hu 
benlfMl.  and  on  wliotn  a  second  operation  liaB  then  been  dono^  u,  of  ootinc 
reckoned  as  two  ticparate  cases 
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VADE  BT  TiiB  SuROEO.v  {coTiiinued), 


TraotiusDft 


Indiioiu  over  e«ch  bono.  Frafni>''nt* 
refreahed  and  tied  together  with  aUver 
wire.    Woondi  left  opeiu 


Wouniln  .superficial  ftnd  spray  disoontitiued  on 
January  31.  Silicate  apparatiui  applied  00 
FebniaVv  7.  W  Irea  remoTed  March  16. 
Union  aatisractAry.    (See  T.  Chart  LXI.) 


out  any  bad  result*    (There  were  1 1  distinct  compound  fractiires.) 


ihe  Lower  Jaw  (^Surgeon), 

An  incision  waiii  niad'i  behind  the  rnmua 
of  the  jaw  on  the  ancbvlosed  aiile,  und 
the  condyle  of  the  jaw  was  cut  through. 


The  wound  wa»  almost  absolutely  healed  on  \pril 
21,  when  boracic  drmsinKfl  v^cre  applied.  A 
wedge  was  kept  between  tbe  teeth,  and  when 
the  patient  wa*  (li»charged  ahe  could  op<'n  her 
mouth  without  aid  for  half  an  inch.  Wbrn 
ia  July  hercondition  had  much  impruvid. 


Total 


It  niaj,  perhaps,  be  more  convenient  if  I  separate  the 
cases  of  accideut^il  compound  fracture  from  those  made  by 
the  surgeon.    The  following  is  the  list  of  the  accidental  ones : — 


Bone 

3«0.  of  CttMt 

>a 

ofllMUhl 

Femur 

3 

1 

w  .    . 

19 

1 

Hameros    . 

a 

— 

Fore-ann    . 

fi 

— 

8kttll. 

9 

— 

The  following  is  the  list  of  those  made  by  the  surgeon : 


BODO 

No.  of  caaM 

Ko.  of  fracturea 

VaofdaaUw 

Femur 

23 

27 

— 

Leg     .        -        . 

15 

31 

— 

Clavicla 

3 

& 

— 

HumcruA     . 

9 

9 

.« 

Fore-arm     . 

7 

U 

... 

Lower  jaw 

I 

1 

— 

im 
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Some  writers  have  a  foncj  now-a-days  to  group  the  cases 
according  to  age.  The  following  are  the  facta  in  these  95 
cases : — 

0-0  years    10-19        £0-20      80u39      40-40      50-59      60-69      70-79 
JScHSM  2fi  19  20  8  7  2  1 

(In  one  Cfue  the  ag:e  ia  not  known.) 

If  we  again  subdivide  these  into  accidental  and  intentional^ 

we  find  the  following: — 


AceufentaU 

0-9  years      10-19        20-29      30-39      40-49      60-59 
4         10(1  death)    7  (1  death)    9  2  3 

(In  one  cose  the  age  is  not  known.) 


eo-69 

2 


70-79 
O 


ItUentiofuiL 


0  9  yeara 
8 


10-19 
15 


20^29 
12 


so-:i9 
11 


40-49 

6 


fiO-69 

4 


fiO-69 
O 


70-79 

1 


It  is  thus  evident  that  the  resnlts  are  not  due  to  absenco 
of  old  patients, 

Tlie  result  exactly  confirriis  the  anticipations  expressed 
p.  461,  tliiit  where  the  element  of  Hlitx-k  isexcludetl,  and  wl 
the  surgeon  has  merely  to  keep  out  the  causes  of  fermentation, 
not  to  eradicate  them,  the  mt^rtulitj  woiihl  fall  and  an  element 
of  certainty  be  introduced  into  the  results. 

In  order  to  get  coinjKirative  statistics  similar  to  those  given 
in  Chapter  XVII.,  I  have  looked  through  Mr.  Spence's  account 
of  his  work  from  1872  to  1878,  given  in  the  jtapers  to  wliich 
reference  has  already  been  made  (p.  378),  and  the  following 
seem  to  he  the  fnctn: — 

I  find  mention  of  16  primary  amputations  during  this 
period^  and  of  these  7  died.  In  only  1  of  these  cases  is  it 
stated  that  death  occurred  within  forty-eight  hours,  and  thus 
we  have  to  conHider  15  primary  amimtatinns  with  6  death&^ 
Then  I  find  5  secondary  amputations  with  two  deaths,  neither 
within  forty-ei£(ht  hours.  Also  1  secondary  excision  "which  re- 
covered. And  then  only  2  cases  of  compound  fracture  treated 
conservatively,  both  of  which  recovered.  AVhether  these  aw 
all  the  cases  of  compound   fracture  treated  conservatively,  I 
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cannot  gay,  but  as  these  2  are  mentioned,  I  presume  that  had 
there  been  any  more,  they  vouki  also  have  been  sUited.     Hence, 

in  Mr.  Si>ence*ii  list  of  cases  treated  during  the  greater  part 
of  the  period  referred  to,  and  in  the  same  hospital  aa  Mr, 
Lister's  cases,  we  find  traces  (for  they  are  not  grouped)  of  23 
cornpouud  fractures  wliieh  lived  for  more  than  fnrty-eight 
hours,  and  of  these  8  died,  some  of  the  deaths  being  due  to 
infective  disease.  These  facta  are  also  interesting  aa  showing 
what  a  large  proportion  of  compound  frartures  are  amputated 
primarily  in  the  practice  of  a  surgeon  not  treating  his  cases 
aseptically,  and  also  the  large  prt»iM:)rtion  of  secondary  opera- 
tions. For  of  23  (^om])onnd  fnu'tiirfs  15  were  .impntatod 
primarily  ((>  deaths),  5  were  amputated  and  I  excised  second- 
arily, and  only  2  were  treated  conservatively.  And  even  if 
Mr,  Spence  has  not  published  all  his  cases  of  conqjound  frf\c- 
tures  the  facta  remain  equjilly  striking,  for,  with  a  much 
smaller  number  of  patients  than  Mr.  Lister  and  with  less 
hfispitii!  ai^ommr»dntion,  Mr.  Spence  has  j>erformed  a  larger 
number  of  primary  and  secondary  operations. 

But  from  these  paj^rs  i  glean  the  following  facta  which 
are  free  from  any  objection.  During  this  tin»e  (1872-78),  6 
compound  fractures  seem  to  have  been  made  on  healthy  bones 
by  Mr.  Spence,  and  of  these  2  die<l.  One  ease,  however,  dietl 
in  36  hours,  and  therefore,  following  our  rule,  we  Iiave  5 
intentional  compound  fraetures  of  healthy  bones  with  1  death. 
These  were,  1  excision  of  the  head  of  the  hunierna  in  a  case 
of  unreduced  tlislocation — ^death  in  thirty  hours;  I  excision  of 
the  knee  for  bad  anchylosis ;  I  operation  for  badly  united 
fracture  of  the  femur;  and  3  excisions  of  the  elbow  for  anchy- 
losis— I  of  these  cases  subsequently  underwent  amputation  and 
died,  apparently  of  peptic^*emia. 

Before  leaving  Mr.  Lister's  results,  I  may  refer  to  some 
operations  on  bon^s  which  have  the  same  dangers  aa  com- 
pound fractures,  though  the  bone  is  not  fractured  across. 

Thus  the  removal  of  exostoses  is  a  serious  matter,  Mr, 
Lister  has  o|>erated  for  exostoses  thirteen  times  (from  the  end 
of  1871  till  October  18H0),  four  times  on  the  femur,  and  twice 
cu  the  tibia,  without  any  bnd  result. 

In  chronic  osteitis  not  yielding  to  treatment,   Mr.   Lister 
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cuts  flown,  ex]K)ses  the  bone  for  a  conaidcrable  extent,  and 
then  iligs  a  long  deep  trough  in  it  with  the  gouge  and  hammer. 
This  treatment  at  onee  relieves  the  pain,  and  generally  cures 
the  disease.  Mr.  Lister  has  i>erforined  10  such  ojjenitions 
(from  Mie  end  nf  1871  to  ()ctx>her  1880),  without  the  slighte«t 
bad  result  in  any  instance. 

And  then  tliere  are  a  number  of  operations  in  wliioh,  as  in 
the  removal  of  tumours,  portions  of  bone  have  been  cut  away 
without  any  hud  result. 

By  including  all  these  operations  together  the  number  of  case* 
couhl  be  very  much  increased  witliout  the  addition  of  any  bad 
result,  I  have  preferred,  however,  to  adliere  rigidly  to  the 
oases  of  compound  fracture,  meaning  by  that  not  subcutaneous 
division  of  the  bone,  but  a  liirge  wound  o[>en  and  communicating 
freely  with  the  bone,  generally  by  means  of  a  drainage-tube. 

I  shall  now  consider  the  results  obtained  by  other  surgesinsi^ 
and  I  shall  t^ke  first,  as  being  the  most  renuirkableresult*  asyet 
published,  the  statements  made  by  Dr.  MacEwen  in  the  *  Lancet ' 
for  September  18,  1880.  He  there  gives  the  result  nf  all  the 
cases  in  wliich  he  has  made  com]iuund  fnjctiu-es  at*e|>t ically. 
He  pointit  out  that  these  cases  were  really  compound  fracttires,  ■ 
and  not  in  any  tense  could  tliey  be  called  subcutaneous*  ojiera- 
tiona.  Tlie  wouudn  varied  in  lengtli  from  J  inch  to  1^  inch, 
and  the  edges  of  the  wound  were  held  aside  so  that  tJie  bone 
was  freely  exposed,  and  i»urified  air  had  free  access  to  the 
divided  fn\gments.  In  tins  way  he  hiis  o|)erated  on  330 
l>at.ients  affected  ,with  various  deformities.  Of  these  220  hsul 
knock  knee  (M7  limbs),  64  had  buw  legs  (104  legs),  40  had 
tibial  curves  skc.  (80  h^gs),  and  (J  had  osseous  anchylosiH  of  the 
hip  or  knee  The  bones  were  either  simply  divided  by  the 
chisel  and  hummer,  or  wedge-shaped  portions  were  cut  oat, 
AJthongh  he  only  o^jerated  on  H30  patients,  he  pnxluceil  com- 
pound fractures  on  557  limbs.  And  as  he  often  produced  2 
or  more  sojKirate  compound  frnctiuvs  on  the  same  limb,  it 
came  about  that  he  had  In  all  made  and  treated  asepticallv  no 
less  than  835  compound  fractures. 

What  were  the  h»ral  results?  Here  we  have  to  considi^'r 
835  compound  fnittnres,  and  here  Dr.  MacEwen  tells  us  tliat 
only  in  8  out  of  these  835  wounds  did  suppuration  occur,  «»ven 
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tliough  union  by  first  intention  was  iui|>osaible.  In  one  caee 
there  was  no  ai»p!irent  cause  for  the  auppuraHon  ;  in  the  other 

7  caneii  some  cause  wan  present.  In  3  inntanceH  irritation  and 
infhiinmation  were  set  up  by  the  pressure  of  the  splint,  &c. ; 
in  3  caseH  there  was  bruising  an<l  laceration  of  the  soft  pJirls  ; 
and  in  1  a  piece  of  muscle  wan  severely  injured  in  adjuHtiiig 
the  l>oue8.  In  each  of  these  8  uoHes  the  occurrence  of  suppur- 
ation was  preceded  by  elevation  of  temperature. 

Wliat  was  the  result  aa  reganis  the  necesmty  for  further 
operation?  Here  we  liave  to  speak  of  ,557  liuibtf ;  557  caaed  in 
which  secoudiu*y  amputation  might  have  been  necessary. 
Secondary  amputation  was,  however,  oidy  necessary  in  one 
instance,  although  ^^nme  of  the  limbs  had  as  many  as  four  or 
five  compound  fniclureH.  The  operation  in  ihis  cast^  was  nece^*- 
Kiry  becuuw%  owing  to  an  accident,  the  lwuulagi\s  lia*!  hecttmc 
displaced,  and  gangrene  of  the  foot  occurred.  This  patient 
recoven^d  perfectly. 
I  What  were  the  results  as  regiords  life?     \Wvv  we   have  fo 

B  consider  330  lives  wliich  Toight  have  been  lost,  and  in  con- 
ni'ction  with  this  it  is  to  be  renienibered  tliat  ninny  i»f  thi-se 
jKitientr*  had  multiple  comi)ound  fractures,  in  Mune  instances  ns 
many  as  10.  Andyet  of  these  330  cases  only  3  died,  and  not  one 
of  these  deaths  was  in  any  way  due  to  the  operation.  MucKwcn 
describes  these  3  casea  in  detail,  anil  I  may  statt*  that  the 
causes  of  death  were  diphtheria,  tubercular  meningitis,  and 
pneumonia  contracted  licfure  the  operation. 

To  sura  up  Dr.  MacEwen'j*  results,  we  find  that  <jf  330 
patients  only  3  died,  in  each  case  the  fatal  result  being  inde- 
pendent of  tlie  diseii.se  :  of  557  limbs  affected  with  compound 
fracture  only  1  required  secondnry  amputafitm  or  other  ojtera- 
tion,  and  this  from  a  cause  indt^pendent  of  the  wound ;  and 
lastly,  of  H35  comjtound  fractures,  snppnratiitn  only  ficcnncd  in 

8  wounds,  though  primary  union  was  inipossihle  in  all. 

These  results  are  the  more  striking  wlien  it  i«  remembered 

that    many   of   the    jwitients    openited    on    wimv  not    in    gooil 

health,    *  On  several  occasions,' siys  l>r.  i\la<'Kwcu,  *  tlie  puticrits 

were  so  weak   that   there   was   considerable    hesitation   about 

H   adniiiiistpring  an  anii'sthetic.     Many  have  bi'cn  carn<'d    to  *1m* 

^L  wards  by  their  friends,  as  they  were  unable  to  walk  except  by 
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the  aid  of  crutches,  and  that  for  a  very  short  distance.' 
indeed  .strange  that  such  facts  are  allowed  to  pass  entirely  tin 
noticed,  and  that  in  spite  of  them  surgeons  continue  to  asse 
that  equally  good  re-^ults  may  be  obtained  by  cleanliness,  g 
veutilalioUj  &c,  Theee  injuries  will  U»  j^enerally  acknowledgt 
to  be  grave  ones,  and  there  is  no  record  whatever  of  anything  like 
similar  results  from  other  than  aseptic  methods  of  treatment 
In  reference  to  the  statistical  value  of  such  cases,  Mr.  Holme* 
justly  remarks :  *  Of  all  wounds,  perhaps  those  of  comjiouD 
fi-actures  of  the  leg  are  the  best  adapted  for  studying  the  effec 
of  different  wa^s  of  dressing.  Amputations  and  other  major' 
operatiouB  depend  so  much  more  for  their  success  on  the  health 
of  the  patient  and  the  previous  course  of  the  disease,  that  it  is 
hardly  possible  to  draw  from  their  results  any  absolute  con- 
clusions as  to  the  effect  of  the  system  of  dressing.  lliii 
objection  ajipHes,  of  course,  to  compound  fi-actures  to  somo 
extent  (as  iudeed  it  does  to  every  surgical  aifection);  but  much 
less  than  to  amputations,  especially  when  the  severer  accideutJ 
whit'h  call  for  immediate  am]>utatinn,  or  which  prove  fatal  frwin 
other  injuries,  are  left  out  of  account.' 

Professor  Vollonann  has  jmblished  a  detailed  account  of  all 
the  compound  fracture^:  treated  by  hira  conservatively  since  I; 
introduced  the  aseptic  method.  These  are  73  in  number  (7 
fractures),  nnd  of  these  73  jwitients  not  one  died.*  In  one 
two  cjiseH  of  injury  (o  joiiits,  ]irimary  resection  was  practised* 
These,  of  course,  still  remained  conif»nund  fnictitres,  and  a» 
very  properly  inehided  here*  The  foHowing  is  Volkmanni 
list: 
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*  In  Ws  nddress  at  the  recent  meeting  of  (he  International    Medi 
gr(>fl»in  Ixindon,  Volkmann  aaid:  *  Wlicn  I  adopted  ihc  antiseptic  treat 
wounds  my  last  12  patients,  with  cflmptiund  fracture  of  the  leg,  \^^t\.  i 
oE  pyemia  or  septiaemia.     From  that  time  up  to  tlie  present   d*y 
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Now,  in  considering  these  facts  "we  have  first  to  Botice,  that 
H&o  less  than  48  patients  were  injured  by  direct  violence,  and 
that  in  20  cases  the  bones  were  extensively  shattered.  A 
number  of  the  cases  were  machine  accidents,  and  Vollunann 
says  with  regard  U>  these,  that  it  was  at  first  a  very  difficult 
matter  to  decide  whether  any  attem}»t  ought  to  be  made  to  save 
thase  limbs.  In  19  of  the  cases  joints  were  involved  in  the 
injuries:  of  these  5  were  resected  and  3  am]mtated  secondarily, 
while  11  were  treated  conservatively  to  the  end.  In  2  cases 
primary  resection  of  the  joint  was  performed,  once  at  the 
shoulder-joint  and  once  at  the  elb*Jw-joint. 

The  following  are  the  ages  at  which   these  accidents  oc- 
curred : 


u» 


]l-?0 
13 
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a  I -40 
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With  regard  to  the  cases  of  secondary  amputation  and 
resection,  Volkmann  expressly  states  that  they  chiefly  ocuurrod 
soon  after  the  treatment  was  first  introduced,  and  that  with 
increasing  experience  of  the  aseptic  method  these  caHes  have 
become  more  and  more  infrequent ;  and  he  states  that  3  cases 
of  secondary  amputiitinn  would  have  been  unnecessary  if  the 
injuries  had  been,  in  the  first  instance,  properly  diagnosed  and 
treated*  In  speaking  of  the  results  of  his  cases  he  rightly 
divides  them  into  two  sets,  the  first  being  those  which  occurred 
diuring  the  first  yenr,  while  Ihcy  were  learning  the  mrtho<l  j  and 
the  second,  those  treated  during  the  reniuinder  of  the  period 
(three  year.^  or  more)  after  they  had  leiuTiod  the  method.  In 
the  first  wet  they  had  always  suppiurttion  and  sometimes  gan- 
grene of  portions  of  the  skin  ;  here  they  injrcted  a  strong 
solution  of  chloride  of  zinc  at  first,  and  afterwards  they  washed 
out  the  wound  daily  with  carlxjlic  lotion.  When  they  found 
that  chloride  of  zinc  ought  not  to  be  used,  and  that  it  was 
unnecessary  and  hurtful  to  wash  out  the  wound,  they  got  very 
different  results.     Then  they  found,  and  this  was  the  case  in 


treated,  one  after  another,  136  ooznpotiDd  fraotnres.  and  not  a  iiinglc!  patient 
hfts  saccnnibed  to  either  of  those  ftct'-idental  wnnnd  diiiieaMs  ;  133  were  cured, 
two  died,  cue  of  fat  embolifiin  of  the  lungs  during  ihe  first  few  hour»,  and 
one,  a  drunkard,  of  delirium  tremens.'— Zonrfff.  Augtifit  VA,  1881. 
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about  the  last  60  caries,  that  the  fracture  aud  wound   l>ehAV< 
as  if  they   vrere  subcuUiueous,  there   waa    no   suppunition 
gangrene  of  the  tissues,  but,  on  the  contrary,  mjiid  heaU'ng. 
It  rule,  also,  necraj*U  did  not  occur,  though   in  one  or  two  ax 
sumll  detached  fr.iginentfl,  whieh   had    been    left  at   first,  wej 
piokefl  nut  of  the  wound  afterwards.     Volkmann  descril>e8  tl 
rourde  of  the  cases  as  follows:  *  Gleich   von   Anfiing  an   tril 
keiue  ortliche  Reaction,  keineJauchung,kein  Wiuid-reinigun^ 
stadium  auf ;  das  Markgewebe  verjaucht  nicht  in  der  Umgebni 
der  Hruchsimlte  ;  die  geoffuete  Markhohle  uud  das  blossgelej 
spi)ngi6se    Gewebe  werden    sofort   wieder   durch    Blutco:igu 
verdeckt  und  ahgeschloasen,  die  so  lange  liogen   bleibcu,  hh 
dureh  nrganisirte  Cfewebswucherungen  ersetat  sind.      Ea  eol 
stehen    keine    fissuralen    (Bruchspalten-)    Eiteningon,    keim* 
inter-mnsculfiren,  Huhperiostealen  tind  parossalen  Phlt^g'Tnouen,^ 
keiue  Eiterheukuu|j;(:*Ti  und   Eiter-relt^ntinnen,  keiue  gr»»sspretiH 
Necroaen.    Die  antisoptische  Mt'thode  gestatt<?t  die  Heilungder 
coinplicirteu    Fracturen   gewissennassen    unter   dem   fiMichie 
Sohorf.'     In  only  three  cases  did  Volkmann    fail  to  eradit-ai 
the  causes  of  fermentation. 

Mice  8che<le  has  also  treated  a  number  of  conijjound  fi 
tnrt'S  nsepticidly.  There  were  37  t'UHes  admitted  soon  after 
inMielion  of  the  injuries,  and  only  1  did  badly,  and  that  casein 
said  \a\  liave  stiflTe.riMl  in  the  first  fc^w  dayn  from  fatty  cniK>li-rr; 
aud  delirium  tremens.  Nopatii^nt  died.  In  4  cases  interme<li;i>' 
amputation  was  necessary,  thrice  on  account  of  gangrene  due 
to  the  direct  violence  of  the  injiu*y,  and  once  on  account  uf 
gangrene  in  the  case  just  aUuded  to,  where  the  patient  moved 
the  limb  violently  and  tore  the  posterior  tibial  artery,  tbf 
anterior  tibial  having  been  <lestroyed  by  the  injury.  Ail  the90 
cases  were  the  result  of  direct  violence. 

Taken  along  with  Volkmann's  73  eases  we  have  a  total  n^ 
110  cases  treated,  in  the  iirst  inslauce  conservatively,  withrtui 
a  death.  Of  these,  12  required  secondary  ami>ntiition  and* 
secondary  excision,  leaving  93  which  recovered  without  furthtf 
interference. 

Max  Schede  adds  tlve  fiillowing  interesting  faults: Sev 

cases   came   under   treatment    bi'lween    the    st^conrl    and 
sixteenth  day  after  llie  injury;  these  cannot  of  course  bo 
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eluded  in  tlie  ainie  category  as  tliose  whicb  canie  under  trcat- 
UM-nt  witliiii  a  few  hours  after  the  accident.  Of  these,  2  died — 
1  admitted  on  the  uiutli  divy  with  tetanui<  aiul  1  udmitted  on 
the  sixteenth  day  with  extensive  supjninilioii ;  1  underwent 
Heeoud;iry  umputatiuu,  and  4  were  treated  eont-erviitively.  Au 
1  liave  previously  [iDiuted  out,  tht^e  cases  illustrate  the  result 
of  treatment  by  autisepticB,  because  it  is  hardly  jiosbible  to 
i**Mider  such  a  wound  aseptic  so  long  after  the  injury, 

Before  leaving  Volkiiumn'ti  renults  1  »hal]  refer  to  the  com- 
l»ouiid  fnictm*es  made  by  himself,  lie  has  produced  71  cam- 
]>r>uiul  fnwtures  un  59  iNitientH.  Oue  of  thetfe  cases  died. 
This  occurred  in  the  case  of  a  bleeder  who  diet!  of  una?inia 
about  twenty-four  hours  after  tlui  operation — a  ejise  of  excision 
of  the  knee  for  aiichylosia.  Leaving  out  of  consideration,  tlien, 
according  to  Mr.  llnhnes'  rule,  this  ciise  which  died  within 
forty-eight  hours,  we  have  58  ^iatieuts  on  wlioui  compound 
fractures  were  produced  without  any  fatal  result.  Afier  the 
70  coini*ound  fnictiu-es  which  we  have  to  consider,  secondary 
.imjiutatiou  waw  only  neceswiry  twice;  in  1  case  a  central 
enehondroma  in  the  tibia  was  found  to  be  the  cause  of  the 
lieformity,  and  the  limb  was  therefore  amputated  ;  in  the  other 
case  there  was  very  severe  genu  valgum  in  consequence  of 
arthritis  <leform!Uifl,  but  the  exact  reason  for  anii>utation  is  not 
^iveii.  As  to  the  boues  affected,  we  have  mention  of  Ifi  corn- 
jH>uiid  fmctures  protluced  on  the  femur  and  45  ou  the  l>oues 
of  the  leg.  The  other  ojieratiouB  were  for  uuuuited  or  kuily 
united  fractures,  hut  the  bones  affected  are  not  mentioned. 

In  comparison  with  the?ie  rehults  Volkmauu  says,  that  the 
journals  of  the  surgical  wards  at  Halle  for  former  years  contain 
notes  of  11  compound  fnictures  of  the  thigh,  of  which  6  died, 
;ind  of  t)4  coni|KJund  fractiu-es  of  the  leg,  of  which  2G  died, 
fJhe  jirojiortion  of  cases  which  required  Beeondury  am[)utation 
lis  not  meutionecl,  but  it  is  stated  that  many  of  the  injuries 
were  very  simple  aud  the  result  of  intlirecL  violence. 

Dm-ing  the  year  1878-79  Bardeuheuer,  operating  asejjtically, 
made  28  coniiK>und  fnictures  on  healthy  bones  without  had 
result.  He  also  j>erformed  53  resections— 15  of  the  hip  and 
2  of  the  knee-joints — without  a  death. 

MacCormac   gives   the  results   of  the  aseptic  practice  in 
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8t,   Thomas's   HoHpital.      Tliere  were  16  cases  of  compound 
fracture  treated  (2  of  the  feuuu-,  3  of  the  upper  extremity,  and 
11  of  the  tibLa)  without  a  death,  and  in  only  one  instance  wa^_ 
secondary  amputation  necessary.     He  contrasts  these  resuldj 
with  those  obtainwl    in    the    fonner   six   years    during  which 
54  cases  of  compound  fracture   were   not  treated  asepticallyj^ 
and  of  these  12  died  (4  from  pyaemia  and  4  from  erysipelas)  jH 
one  case  required  secondary  amputation  on  account  of  gangrene ; 
and  in  several  there  was  suppuration  or  erysipelas  and  a  pi 
tracted  recovery. 

MacCormao  also  referred  ta  45  comi>onnd  fnictures 
by  the  sm-geon  (since  the  address  the  number  has  risen  to  57 
without  a  deatli.  Thirty  of  these  involved  the  knee-joint,  an( 
thougli  the  wound  in  the  soft  parts  was  comparatively  smaU, 
yet  it  was  *  quite  large  enough  in  many  instances  to  allow 
Berious  infiarnniation  and  putrefactive  changes  to  take  place 
in  it/    In  no  single  instance  did  any  serious  result  follow. 

Ifj  now,  we  sum  up  the  facts  already  obtained  and,  foUowii 
Mr.  Holmes*  suggestion,  exclude  all  cases  of  primary  ampnt 
tiou,  and  of  death  within  forty-eight  hoiu-a  after  tlie  injury, 
get  the  following  remarkable  results  : — • 


/.  Accidental  Compound  Fractures, 

Adding  together  the  results  of  Lister,  Volkmann,  Scbede, 
and  MacCormac,  we  find  that  there  were  164  eases  of  com- 
pound fracture  treated  conservatively,  in  which  an  attempt  was 
made  t<»  purify  the  wound,'  and  of  these  2  died,  gi\nng  ■ 
mortality,  after  accidental  compound  fractures,  of  1*2  per  cent. 
But  then  one  deatli  certainly,  and  the  other  prol>ahlv,  was 
independent  of  the  injury.  Among  these  are  included  a  fev 
cases  of  compound  fracture  of  the  skull,  but  if  we  take  limbs 
alone,  we  find  that  158  limbs  were  affected  with  compound 
fracturcj  and  umoug  these  secondary  amputation  was  performed 
in  15  cases  and  secondary  excision  in  5,  leaving  138 
which  were  cured  without  operative  interference, 


The  numbers  would  be  larger  now,  aeo  dote  oQ  p.  506. 
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Ih  IntentionaZ  Convpound  Frtictures* 

Adding  together  the  results  of  Lister,  Volkmiinn,  MacEwen, 
"Rank'nheuer  and  MacCormac,  we  have  530  patients  affected 
with  1,072  romponnd  fractures,  and  of  these  only  3  died,  giving 
a  mortality  of  '56  per  cent.,  the  cauaes  of  death  b*:iing  in  each 
cai?e  quite  independent  of  the  operation.  Looking  at  the 
results  to  the  limbs,  we  find  tliat  766  lirnhshad  l,t)68  L-iunjHJund 
fractures,  and  that  among  these  secondiiry  amputation  was 
only  necessary  in  4  insUiUces,  or  '51  per  cent. 

Adding  together  the  cases  of  accidental  and  intentional 
com]M>und  fractiu-es,  we  find  thai  694  palieiUa  -were  affected 
with  1,239  compound  fractures  treated  aseptlculli/j  and  of 
these  5 J  or  '72  per  cent,,  died. 

Or  looking  at  the  results  as  regards  the  limbs,  we  find  that 
924  liviba  were  affected  with  1,226  connpouiul  fixictures,  and 
of  these  902  recovered  without  further  operation^  while  19 
required  aecmidary  amputation  and  5  required  aecondary 
excision. 

In  contrast  with  these  results  we  have  the  following  facts  : 

Volkmann  and  Franckel  ^  found  a  record  of  885  compound 
fractures  of  the  leg  in  the  reports  of  the  Gernian  and  English 
hospitals,  and,  of  these,  339,  or  38*5  per  cent.,  died.  In  the 
above  694  cases  treated  aaepticnlly,  I  have  not  been  able  to 
give  the  exact  numbers  as  regards  the  bones  affected,  but  by 
fiir  the  greatest  number  of  bones  injured  were  those  of  the 
lower  extremity,  the  injuries  of  the  thigh  and  leg  being  about 
equal  in  frequency,  the  femur  being  j)erlmps  most  often 
affected.  However,  as  the  mortality  after  comjxiund  fracture 
of  the  femur  is  greater  under  ordinary  circunistanceK  than  the 
mortality  after  com|X)und  fractui*e  of  the  bones  of  the  leg,  the 
comparative  value  of  these  fitatistics  ia  increased. 


Baum  in  Gotiingen^  lost  38     p.  c.  after  csompouDd  fracture  of  the  leg. 
BiUroth  in  Zurich-  38  7    „  „  „ 

In  lireslau '  4U5     „  „  „ 

Iji  Halle »  40-6     „  „  „ 

In  Bonn  *  41*8    .,  ..  ,, 


'  Volkmann '8  .SflwiwZ«w»)r,  117   118. 


»  Ihid. 
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Mr.  Holmes'  states  tliat  in  St.  George's  Hoex^ital, 
1865  till  li<78  inclusive,  after  excluding  cases  of  priraaiy 
nTnput;i(ion  and  dwithti  within  forty-t;ight  hours,  there  were 
trwitod  by  the  ordinary  methods  16^  eases  of  oiuui>ound  fj 
ture  of  the  leg,  of  which  40,  or  24*6  per  cent.,  died,  A 
sitleniblo  proj^ortion  of  these  cases  was  treated  during  a  j»eri 
in  which  cleanliness,  goml  ventilation,  *&c,,  were  greatly 
vogue,  and  by  surgeons  who  were  much  ira]ire»sed  with 
nwessity.  Among  these  40  deaths  were  21  from  pya- 
alono,  and  several  of  the  remaining  deaths  were  due  to  oi 
septic  diseases. 

1  have  jireviously,  at  p.  510,  given  the  results  in  St.  Thomas? 
Hosjjital,  the  mortality  there  being  22*2  per  cent. 

Tliese  records  correR|>ond  with  the  expressed  views  of 
geons  (if  all  ages  as  to  the  dangers  of  coniiMmnd  fnicf  urr?i  j: 
duct'd  accidentally  or  of  operations  in  which  ccim]K)Uiid  fract 
are   made      On   (he  other  IiihhI   we    have   also  the  generally 
acknowb^dnrpd  f;ut  tliat   snhcntuiifon^  osteotomies  are  pn 
cjilly  frei*  from  danger,  and  the  subcutaneous  method  is,  as 
Lave  previously  seen,  a  form  of  aseptic  treatment.     The  f 
going  fiicts  show  that  it  is  not  nccessjiry  to  have   recourse 
subcutaneous  openitions  to  ensure  safety,  but  that  the  Usl 
method  is  equally,  if  not  more  efficacious,  while  the  free 
t^i  the  bone  is  in  many  cases  a  great  advantage,  indeed  in  some 
an  alisolute  necessity.  ^J 

I  must  now  again  refer  to  Carl  Reyher's  resulta  in  ^H 
Hussn-Turkish  war  (sec  p.  401,  et  se</,)  During  this  war  lie 
treated  22  cases  of  comjiound  fracture  of  the  extremitie> 
aseptically  (by  *  primary  antisejitics,'  as  he  terms  it),  and  of  these 
4  or  18  p.c.  died,  secouiLuy  amputation  being  only  necessary 
in  ojiu  instance.  The  following  list  shows  the  cases  and  tlie  || 
results: — 


Part  tajared 

Hamenu' 
K<»re-arm 


Tliigh 
Leg 


»o.or 


12 


Died 


SecoiMtary 
uuputfttton 


Hcalod 


limb 

4 


19 


Total         .  22  4 

•Or  81-8  p.  c. 

'  St.  frtorifif'$  I/t'Mj/ital  Ucptrrti,  vol.  ix. 
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During  the  same  time  he  had  62  fracfcureH  of  the  long  boues 
treated  with  anti«ei>tica  or,  as  he  calls  it,  with  '  secoudary  anti- 
septiee/  and  of  these  23,  or  35-3  p.c.,  died,  llie  following  is  the 
table: 


I*Nt  Uijand 

ilumerus 
Vote  arm 
ThiKh 


TnUll 


Nu.  of  ciuo 

DiM 

Second  WjT 

3 

as 

fl 

3 

13 

& 

TI 

5 

a 

62 

23 

10 

•Or  6!»'6  p.  c. 

IJcftlnl  Wltlk 

nu-tiUoa  uf 

Unib 

5 

a 

1L> 

u 

37* 
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He  also  refers  to  27  similar  fhivtureH  not  treated  antiHepti- 
cally  at  all,  but  he  gives  no  details  of  them,  and  only  states 
that  up  to  the  time  of  writing  8  had  died  of  pyaemia. 

The  following  are  the  iiital  eases  where  atieptio  treatment 
was  attempted : — 

One  coin|K>uiul  fracture  of  the  thigh  died  of  fatty  embolism ;  it 
is  not  uieutioueil  how  loug  aflor  tho  injury  thi«  |Hitioiit  died :  in 
thiH  CH«c  tho  fnniur  wiw  coinplntely  Hliattcrcil  tliix>iim'bout  it«  wholo 
extent,  tho  wound  uf  entnim'fi  Ix'iiig  near  th&  pubin.  One  com|K>iui(l 
fnictui'o  of  the  thigh  (1io«l  from  oxhaustion,  tho  rt«ult  of  profuse 
KUppiimtioD.  One  comptjund  fmrture  of  the  thigh  tlied  from  septic 
wiippunitiou.  One  uouipound  fnictuie  of  the  foixsirm — u  ahell  injury 
— die<l  of  pyiemia. 

With  regard  to  these  casen  1  need  mert:*ly  poiiil  nut  the 
extreme  dittieulty  of  thoroughly  disinfeeting  the  wound  aud  of 
removing  alt  iwrtions  of  clothing  from  the  wound.  Keyher 
refers  to  this  {)oint,  :iiul  it  seems  that  in  3  of  the  4  fatid  cnsea 
iu  which  the  aseptic  method  was  tried,  disinfection  was  not 
successful.  This  is  of  ctmrse  only  what  might  be  expected, 
There  is  nothing  magi<.;il  about  the  injection  of  an  antiseptic 
into  wounds,  and  unless  the  tluid  reaches  all  the  recesses  of  the 
wound,  and  destroys  all  the  causes  of  fermentation  which  have 
been  introduce<l  into  it » the  wound  canTn*t  he  expected  lo  follow 
an  aseptic  course;  it  is  not  an  aseptic  but  a  ^eptic  wound,  and 
the  consequences  of  such  a  wound  will  be  those  of  a  septic  not 
of  an  aseptic  one. 
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In  considering   the   results   of  other   forms   of  aatise[jtio 

treutnient,  the  only  detuiled  account  to  whicli  I  ciiu  refer  iaj 
Krocleins  report  of  the  results  of  the  open  method  in  Ziirichj 
(see  p,  410),  Knlnlein  ntates  that  between  i860  and  1867, 
160  cases  of  eoiu|>ouii(l  fracture  were  treated,  and  of  the^e  67| 
died ;  86  of  them  being  treated  conservatively  with  21  deaths 
Between  iy67  and  1871,  1U2  coui|x>uud  fiTictures  were  treated, 
of  which  li7  died  ;  (J5  of  these  being  treated  conservatively  with 
14  deaths.  f 

Though  Kronlein  tells  us  the  number  of  cantes  amputated, 
and  the  number  treated  conservatively  to  the  end,  he  does  not 
tell   us   the   number  of  jirimary  and  secondary  amputation 
Now,  of  course,  in  considering  the  results  of  compound  fractures^ 
we  must  divide  tliein  into  those  amputated  primiuily,  and  thoi 
in  which  conservative  treatment  was  tried;  the  latter   grou] 
being  subdivided  into  those  which  required  secondai-y  amput.a 
tiouand  ihose  which  were  treated  couservalivtdy  to  the  end.    O 
course  the  cases  treated  conservatively  to  the  end  are  the  m 
favourable  class,  because  they  did  not  require  secondary  ope 
tion.     But  in  judging  of  the'success  of  conservative  treatmeu 
it  is  necessary  to  kno\^  in  what  proportion  of  cases  that  trea' 
ment  failed  and  secondary  oi)eration  was  required.     Now  it  i 
only  of  tlie  former — the  successful  cases — that  Kronlein  giv 
us  informatiun.     AVith  the  view  of  getting  a  correct  impressi 
on  this  jKiint,  I  have  gone  over  hiH  statements,  and  the  folloW' 
ing  are  (he  facts,  so  far  as  I  have  been  able  to  gather  tliem. 

Of  the  160  eases  treated  between  1860-67,  38  were  uiupu 
tjitt'd  ]>riinarily,  with    19   deaths;  21    were  amputateil    secon 
darily  with    17  deatlis  ;  and   15  were   amputated,  but  whctb 
primarily  or  secondarily,  1  have  not  been  able  to  ascextmn  ; 
tliese  9  died.     86  were   treated  to  the  eml  conservativelv  witK 
22  deaths.     Now  acconhiig  to  our  rule  the  primary  cases  art- 
omitted.     As  to  the  15  amputations  with  9  deaths,   I   don't 
know  what    tliey  are,  and  therefore  we  shall  put  them   in  a 
group  by  Lhemsclves.     This  leaves  us  with   107  cases  in  wliich 
we  are  certain  that  conservative  treatment  was  attempted,  auid 
of  these  39,  or  30'4  per  cent.,  died.     The  rcsult  tbeu,  6o  &ra« 
we  know  it,  is — 
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No.  of  ca»M 

Oetthf 

107 

S9 

(certain) 

HMaoddry 
aitipuUUon 

21 

Rocoveral  wltJiuu( 

toatilftLioa 

64 

(certain) 

(or  69-8  p.  c.) 

Looking  at  the  results  of  the  open  method  from  lft67  to 
1871,  we  find  that  102  cases  in  all  were  admitted,  and  of  these 
27  died.  Of  these  19  were  arnputatod  jjrimarily  with  5  deaths; 
9  were  amputated  secondarily  with  4  deaths  ;  9  were  ampntated, 
but  whether  prim;irily  or  secondarily  [  do  not  know,  with  4 
deatlts;  65  were  treated  conservatively  to  the  end  with  14 
deaths.  Treating  these  cases  like  the  former,  we  may  say  that 
74  cases  were  certainly  treated  conservatively,  and  of  these  18, 
or  24'3  per  cent,,  died.     Thus — 

Mo.  of  cues  Dt'Atlii 


74 

(certain) 


18 


amputation 
9 


Uooovrretl  wlcliouL 

tDBiUjUluU 

51 

•9  p.  0.) 


(certain)  (or 

Tt  is  to  be  remembered  in  l>)th  cases  that  some  of  the 
doubtful  amputations  were  probably  secondary,  sti  that  these 
results  are  the  most  favounible.  I  may  give  further  details  of 
the  cases  which  we  know  about  according  to  the  limbs  affected. 


Femitr  . 
Leg 

Homer  na 
Fore- arm 


C<utc9  treated  CofwervcUiveli/. 

(1860-67.) 


NOb  of  cwca 

8 
77 

D 
13 


Pcrcciitacr  nf 
cMca  trcAtoJ 
oonBerraUvBljr 

61*6 

81 

47-3 

39-3 


Deatlit 
3 

6 


6eoiniiUt7 


Remrpred 
withoat 


ampuUUon*     ^^m^^ion 


6 

i 

6 


TotAl 


I^rt  kllflvteil 

Femur 
Leg    - 
Uumcrua 
Fore -arm 


107  668  30  21 

Ctums  treated  Cotutervaliveli/, 
(Opes  Mbthoo  18t>7-71.) 
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No.  at  COM     CMD*  treated  DaiUw      «^n«*nr 
eonaonrftUvcly 

\2                 706  3 

38                84*4  1^ 

14                51-3  2 

10                62-5  1 


RBDOTCmL 

it 
II 


Total 


74 


691 
I.  L  2 


.8 


SI 
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It  will  Hina  hp.  sf&n  that  fH>me  improveinent,  followed  the' 
inti-wluctiouof  the  open  iiiethotl,  but.  this  in  no  wayoj>rre6i>ODd3 
fo  thai,  effect-eel  by  the  iiseptic  method. 

The  ciiJHest  of  death  are  not  given,  but  of  the  39  deaths  of 
the  first  periodj  at  least  27  were  from  pyaemia  and  sei^titraemia 
(14  of  the  casejs  treated  to  the  end  eonserv^atively  and  13  of 
the  Ht'condary  amputations).  Of  the  18  deaths  of  the  sei?ond 
period  at  least  B  were  from  pyieinia  and  septicaemia  (5  of  the 
ea»eH  treated  conservatively  and  3  of  thoee  amputated  eecoii^| 
darily)*  As?  I  have  sniil,  this  is  the  most  favnuj'ahle  ^atemeni 
jx>8Bihle,  and  it  does  not  include  those  which  died  of  other  »ept.ic 
diseases.  fl 

I   do  not  find  any  facts  of  statifstical  value,  with  regard  to 
the  results  with  other  forma  of  antiseptic  treatment,  but  the^ 
good  resulte  of  irrigation  and  the  water  hath  and  of  crust  forraafH 
tioti   are   well  known,  aud  have   already  been  alludefl  to  in  fli** 
liint^ory    of  the    subject.      The    whole    teivdeney    of  the   fact* 
yubliwhed  in  recent  tiises  is,  hoiff'ever,  to  show  thai    success 
iiiri'eaaes   according-  as  the   method  adopted  fulfiln   luftre  and 
more  the  requirementp  of  the  aseptic  pnudple;  and  the  saii^_ 
is  evident  if  we  look  at  the  history  of  the  subject  and  see  t^^ 
siicceHBea  obtained  by  the  use  of  balnams,  of  crust  formation, 
of  irrigation  and  the  water  bath,  aud  of  subcutaneous  surgery. 
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CHAPTER  XX. 

RESri,T8   OF   ANTISEPTIC  SURGERY — {contijiued), 

AbfloessGs  connected  with  disea.4c  of  the  vertohnc.  He»t  Hltuation  for  opening 
psoas  abscesses  :  best  time  for  opening  them  :  after-treatment  and  after- 
progreiw.  Table  of  Mr.  Lister's  rusultH :  geuerul  5ummiu-y  and  remarks  on 
these  casefl.  Comparative  statistic!)  arc  wanting.  Sir  JameH  l^aget's 
views. 

Before  discuH.siDg  these  results,  I  think  that  it  will  be  most 
convenient  to  con&idorthc  last  group  of  cases  to  which  1  intend 
to  refer,  viz.  i^aaes  of  abscesses  connected  with  disease  of  the 
vertebne.  The  cases  which  I  give  here  were  treated  by  Mr. 
leister  between  the  end  of  1871  and  1871) ;  and  1  will  mention 
all  the  tuises  which  occtuTed  during  that  ijeritxl.  I  have  been 
careful  to  take  only  those  abscesses  which  were  unmistakably 
connected  with  disease  of  the  vertebne,  as  indicated  by  curva- 
ture, by  the  history  of  the  case  and  the  symptoms  preyont,  antl, 
in  seveml  instances,  by  the  presence  of  pieces  of  bone  in  the 
pus.  Of  course  this  list,  like  the  others,  does  not  represent  all 
the  cases  which  Mr.  Lister  has  ever  treated  aseptically,  for  he 
had  several  eases  utider  his  caro  before  this  peiiod,  and  both 
before  and  during  it,  he  has  treated  a  number  of  similar  ab- 
scesses in  private  pnictice.  Here,  as  in  other  instam-es,  his 
results  have  been  better  in  private  practice  than  iu  hospital, 
because  the  cases  were  attended  to  either  by  himself  or  by 
skilled  assistants,  while  in  hospital  it  was  often  necessary  to 
leave  the  changing  of  the  dressings  Ui  students. 

In  the  treatment  of  these  abscesses  the  general  j^rinciples 
of  aseptic  surgery  are  carried  out  in  the  manner  before  de- 
scribed, and  I  need  not  recapitulate  the  points  here.  I  must, 
however,  say  a  few  words  as  to  the  best  situation  for  oi>tming 
l>soa8  abscesses.     An   al)scess  which  has  [iasse<l  into  the  thigh. 
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auJ  wliich    is   pointing  in   the    neighbourhood  of    the  less 
trochanter,  ia  usually,  under  the  ordinary  modes  of  treatment, 
0])ened   at    its    most   prominent    situation    at    the    iipi^er  and 
inner  port  of  the  thigh.     Now  if  the  aseptic  method  is  adopted, 
it  is  quite  evident  that  an  incision  in  that  situation  leaves  very 
little  space,  only  two  or  three  inches,  for  the  overlapping  of  the 
dressings,  wliilu  the  edge  of  tlie  dressing,  being  near  the  am 
and  genito- urinary  organs,  is  very  liable  to  get  soiled  with  tl 
excretioiiB.     Case  \o.  1  is  an  example  of  this,  and   hence  it 
well,  if  possible,  to  avoid  this  risk  ;  indeed,  these  abscesses 
now  never  opened   in    that   situation.     Almost   all   the 
abscesses   have  up  till  the  present  time  been  o|H»netl  above' 
Poujmrt's  ligament,  and  the  results  have  been  very  aalJsCactorjj 
An  incision  is  made  near  the  anterior  superior  spine  of 
iliuin»  niiK'h  in  tlu'  linr  for  tying  the  external  iliac  ariery,  ai 
the  muscles  are  carefully  divided  as  in  that  ojwration.      Wh< 
the  transversalia  fascia  is  reached,  the  pus  can  generally 
made  to  hn\^e  beneath  it,  and  then  a  pair  of  dressing  force] 
are  pushed  into  the  abscess  cavity,  the  opening  dilated,  all  tl 
pus  squeezed  out,  and  a  large-sized  drainage-tube  iutrcxlm 
Though  this  opening  is  not  dependent,  yt^t,  if  the  tube  he  lai 
enough,  the  drainage  is  perfectly  satisfactory,  and  then'  U 
accumulation  of  discharge.     The  cavity  in  the  thigh  drains 
upwards  into  the   iliac  fossa  and  closes  entirely  in  a  few  da] 
The  after-treatment  has  been  a  heady  described  ;  after  a  tin 
in  these  cases,  a  ihTiinage-tube   without   holes  except   at 
up[»er  extremity,  is  most  usefuK 

Mr.  Chiene  advocates  the  o^M-niug  (»f  these  abscesst-s  ah 
the  crest  of  the  ilium  behind  by  means  of  an  incision  at  the 
outer  border  of  the  ((uailnitus  luniborum.  The  advantao^l 
which  he  claims  for  this  metlmd  are  the  following:  the  orific^ 
is  de]>eudeut,  and  thtis  the  ilraiuage  is  most  satisfactory ;  the 
incision  is  inadf  into  the  upper  jait  of  the  abscess,  a.nd  thiu 
the  whole  of  the  cavity  in  the  iliac  fossa  closes  rapidly  by 
adhesion  of  the  granulations,  so  that,  after  a  few  days,  there  is 
only  a  short  sinus  i^iding  directly  to  tlie  seat  of  disease.  This 
situation  is  an  advantage,  more  especially  in  the  after-progres* 
of  the  case,  when  the  sinus  becomes  too  uarrow  to  udiuit  a 
drainage-tube,  for  if  a  sinus  is  long  and  tortuous,  the  drainage 
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of  the  dischnrge  from  the  seat  of  disease  is  of  course  more 
likely  to  be  imjieiTecL  than  if  the  sinus  is  short  and  leads 
directly  to  the  diseased  bone ;  further,  the  orifice  of  t  he  drainage- 
tube  ia  still  more  distant  fmm  sources  of  putrefaction  in  this 
situation  than  when  the  incision  is  in  front ;  the  dressing  can 
also  be  very  securely  a[ii»lied  and  fixed. 

These  abscesses  ought  to  be  opened  as  soon  as  they  are 
detected.  The  spontaneous  absoq^tion  of  abscesses  is  a  very 
rare  occurrence,  and  the  treatment  by  repeated  aspiration  is  very 
apt  to  be  imsatiafactory.  The  earlier  the  abscess  ib  opened, 
provided  that  it  is  done  aseptically,  the  better,  and  this  for  two 
chief  rensons.  In  the  first  place  the  longer  the  pus  is  h*fl, 
the  larger  does  the  abscess  cavity  become;  and  thus  for  the 
first  few  hours  after  it  is  o[)ened  there  will  I'h*,  corresponding 
to  the  extent-  of  the  abscess,  a  proportionate  amount  of  serous 
oozing,  which,  if  great,  will  severely  tax  the  efficiency  of  the 
gauze  dressing;  there  will  also  of  course  be  a  larger  cavity  to 
heal.  In  tl»e  second  place  the  pus  being  [jciit  up  in  a  ciivity, 
tends,  by  tension  and  consequent  nervous  disturbance,  to  keep 
up  and  even  aggravate  the  chmnic  inHaninKiHon  of  the  bony 
tissue,  and  tlierefore,  so  long  as  tlie  pus  is  there,  tlie  chronio 
inflammation  is  kept  up  and  the  disease  of  the  vertebrae  pro- 
gresses instead  of  improving.  On  the  other  hand,  when  the 
pus  is  let  out,  and  care  is  taken  that  causes  of  fermentation 
are  not  admitted,  a  great  source  of  disturbance  is  removed, 
and  an  opfiort unity  is  afforded  for  the  cessation  of  the  disease. 
For  these  reasons,  therefore,  the  ahneess  ought  (o  be  opened  as 
soon  as  jx>ssihle.  1  tlo  not  of  course  mean  to  advise  the  early 
opening  of  these  abscesses  where  the  aseptic  method  is  not  t-o 
Iw:  ust'd,  or  where  the  surgeon  has  n(M  hatl  sntticieiit  experience 
of  that  method  to  be  able  to  rely  with  considerable  certainty 
on  excluding  the  causes  of  fenneututton.  Hut  if  the  surgeon 
considers  that  he  can  exclude  these  causesj  then  I  believe  that 
the  best  thing  for  the  [mtient  is  to  open  the  abscess  as  soon 
as  j>os8ible. 

The  after-progreas  of  these  cases  ia  exceedingly  satisfactory. 
For  some  hours  after  the  abscess  is  opened,  there  is  a  profuse 
discharge  of  bloody  senun,  due  no  doubt  to  the  effect,  of  the 
diminution  of  pressure  on  the  ves'sels  in  the  gninulation  ti.ssue 
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lining  the  abscess  cavity.  This  discharge  rapidly  diminL 
and  in  a  few  daya  becomes  very  slight.  After  the  original 
evacuuted  there  is  no  more  pus  formation  from  the  abscess  ca^ 
provided  that  the  drainage  is  eflBcient  and  that  the  dis€har| 
is  kept  aseptic.  There  may  be  a  little  suppuration  from  tl 
granulations  surrounding  the  orifice  of  the  drainage-tube,  wbic 
are  irritated  by  the  direct  application  of  the  carbolic  acid,  bi 
there  is  no  suppuration  from  the  dee2>er  (larts.  As  a  con8< 
quenee  of  the  slight  amount  of  discbarge  the  dressings  are  n< 
often  changed,  and  generally,  iu  a  few  weeks  after  the  al 
has  been  opened,  the  case  is  only  dressed  once  a  wee! 
then  not  because  discharge  has  reached  the  edge  of  the 
ing,  but,  for  the  reasons  given  on  p.  93,  because  it  is  consii 
that  the  dressing  is  no  longer  sufficiently  antigepticJ  A  aim 
often  remains  for  a  long  time,  sometimes  for  months,  and  U 
weekly  dressings  must  be  continued  till  it  finally  closes,  tl 
greatest  care  in  carrying  out  the  minutest  aseptic  precautioi 
being  required  till  lieiding  is  complete.  Never  be  tempted,  hon 
ever  slight  the  discharge,  or  however  apixu-ently  sujierticial  tb 
sore,  to  give  up  tlie  aseptic  method  or  to  substitute  boracic  ft 
carbolic  drcBsings.  During  the  whole  treatment  of  the  case  th 
patient  must  be  kept  absolutely  recumbent,  whether  lying  oi 
his  back  or  on  hid  side  is  of  little  consequence,  and  must  neTO 
be  allowed  to  raise  his  shoulders  for  any  reason  whatevei 
Generally,  after  the  sinus  has  healed,  it  is  well  to  maiutiun  tin 
perfectly  recumbent  position  for  at  least  six  weeks  louger^ft 
as  to  ensure  that  the  bones  are  sound  before  the  weight  of  th( 
bo«iy  in  allowed  io  tell  on  them-  The  maiutenance  of  abfi 
rest  is  essential  for  success. 

The  constitutional  state  of  the  patient  rapidly  improi 
after  the  abscess  is  o[>ened.  If  hectic  fever  is  present  before 
hand,  it  generally  rapidly  subsides  (see  T.  Chart  LIV^),  and  ih^ 
temperature  becomes  normal,  and  remains  so  throughout ;  and  i 
the  temperature  is  normal  before  the  abscess  is  opened  it  doc 
not  rise  nor  assume  a  hectic  tyj)e,  as  is  so  common  when  tiw 

■  I  luuy  juxt  recall  tiiu  racl  alluded  to  on  p.  89,  tliat  when  drosffings  ore  )tt 
on  for  a  week,  there  sometimes  occurs  a  little  irritalion  bcnontb  thum,  itnd  thit 
tliercfore,  il  ift  well  to  ruh  u  little  of  the  salicylic  cream  on  the  sluti 
the  wound  before  upplj'infir  the  ilrcssing. 
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discbarge  is  allowed  to  putrefy.  The  general  condition  of  the 
jmtient  corresponds  entin»Iy  to  thin  state  of  the  tompernture :  if 
he  Laa  lieeu  weak  amJ  tiutifering  before,  he  rapidly  regains 
fitrength,  loses  liis  pain,  and  puts  on  flesh  ;  his  appetite  returns, 
and  he  soon  feels  in  a  state  of  i>erfect  health.  The  reason  for 
this  is  evident;  the  patient  is  not  exhausted  by  the  daily  loss 
of  a  large  quantity  of  discharge,  while  he  is  relieved  from  the 
presence  of  the  abntK^fls,  <!^od-liver  oil  and  iron  are,  of  course, 
given  throughout,  but  stimulauts  are  rarely  necessary,  at  least 
aft«r  the  first  week  or  two.  Although  these  cases  remain  so 
well,  and  although  the  discliarge  is  soon  practically  wtV,  yet 
they  are  ad  a  rule  very  tedious,  and  it  is  well  not  to  reckon  on 
cure  in  less  than  six  or  eight  months ;  some  cases  indeed  last 
much  longer.  It  is  expedient,  therefore,  to  warn  the  patient's 
friends  of  this  before  the  abscess  is  opened,  for  otherwise  they 
may  get  discouraged  and  take  the  patient  away ;  and  if  aseptic 
treatment  is  not  continued  to  the  end,  the  chances  of  recovery 
are  almost  as  slight  as  if  it  had  never  been  employed, 

A  number  of  examples  of  the  '  aseptic  course '  of  these 
abscesses  just  described  will  be  found  in  the  following  table,  so 
that  1  need  not  detail  a  case  here. 
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0«„  April  1 1«7:;. 

0/^,  Ajiril  lfl72. 
/Ht .  April  3,  lfl73, 

rt,.,,  JmIt  4,  lff73. 
;>^*„  Ar>Vil  2,  187.1. 
ri*-*M/r,iiietlff  ftnlfl- 
ilrpi'rtiJu'Dt  f?au"*t?. 

0/.,Sc[>h  1872. 
fiiM,,  tict.  21,  lH-.r 
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BIR    AbSCBSSES. 


TrtanamA 


CH»  0)X>ncd  in  thJt;h  and  40  tm.  ot 
s  cvBcuaieU.  Drainage- tnbe  in- 
tra. 


iC(L,  10  nz.  of  ])n9  rracuatpd.    Dralo- 
eiube  inserted. 


led,  drainag«<tut)e  iriMrtMl,      ('Die 
nbmr  abacna  wan  ii)n>ii**iI  in  (K-to- 

0. 


e^jt     n]>«>nfi|.       I)rnma;;e-tul)«»     in* 
ted. 


wd.     Draiiiaf;e-tube  iiuwrtei!. 


(cd.     Dniinftpp-tul*    in*orte(L    Thr 
(tvrlal  evocuaU'd  wa*  verj*  tliirk. 


Ilemarka 


On  December  26.  it  wm  found  that  th«  menstnul 
flow  had  Moaked  the  drcaainga  and  the  di»- 

rhare*^  had  a  diHai^eable  odnnr.  i>[i  Dt'cem- 
iK^r  *iH,  n  lar^^L^  jdece  ofbone  eamv  nwnv.  A» 
thr-  nliM'CAH  Wfui  undniil'todly  |iulr>il,  and  lUtUie 
patu-iit  wa»  vi'ry  nnxiius  to  tjo  bonu',  shi*  was 
nllovred  tn  ili>  Jhi.  At  that  time  there  wafl  )>ro- 
fUfie  diiichMrgt*  and  the  patieut  traa  f;«;ttiug 
weaker. 

The  ilirM-har^'C  miiiitly  deriraaed  in  aiiwinnt.  Iie- 
ing  it)  thv  inniii  itHrMnit  lh»u^h  iiecaxinunUy 
Mtiiu'what  piirtilHil.  Tb*'  alwccw'  hn«l  »*i>m- 
]>lctj'ly  hi-ali'd  un  OtrlulMT  '24,  hut  im  \oviMiil>er 
II  tht.'  riratrix  ^nvc  wny  nnd  n  uioip*  wiw  re- 
eMtnltUxhi'il.  Tills  ticilfd  pi'mmiivutly  ahuut 
the  end  of  JaDoar^*. 

After  ii^wnini^  the  ttmt  alNireMi  the  diFchargn  wan 
i-oHMdi-raUle  nnri  purulent,  hut  ihert*  whk  no 
t»ni('ll.  M.-iuy  fr.ijnn"'"t''  <>l  Imne  t-amp  nwny 
during;  the  course  i>l'  the  .xumiiirr.  niid  in  ih'ln- 
l>er  a  tuinhnr  atwifeiia  was  fiiiind  anil  iihonnl. 
The  ciuw  iH  not  oninpiuletl  in  tlii'  nutc  li<M.>k<i, 
the  lasl  note  havinn  hecn  taken  en  A[tiil  ?0, 
IK73,  to  the  (direct  thai  there  wiLt  vt>r^-  little 
dtM^har^,  aiidtlint  the  t^eiieial  hfnlth  wa<t  t;o(id. 
1  »hould  think  tlial  the  t^'lr^'  was  in  uI]  prubn- 
bilUy  cured. 

AfHTptir  rtiunse.  Tlie  wound  waa  rnnnil  henh^d  on 
An^UMt  U,  hut  ihe  !M:.ir  a^ain  nfteued.  lli<aled 
ajCTilnon  (Mober  IH;  a^ain  Tbc  scar  gave  wny. 
Ilenled  (fennnuently  on  Oecember  10.  For 
Mjiie  lime  the  {uitient  rt^idd  not  do  without  n 
H\f\na\  fHiti)<irt,  hut  in  July  1H77  h'»  (^hmve.l 
himwlf,  and  wuh  ihen  [•erfwrlly  well  and  slnrtig 
and  aide  tu  ilo  any  kind  of  work. 

On  N«ivoinl>er  28,  wmie  curvatnre  of  thu  apine 
was  nuliwd.  In  Kehruury  tlie  drc^^lnKs  were 
I'hangeti  weekly,  thrni  iH-itip  only  a  Hiiiall 
tiinu^  which  at  the  end  of  March  had  nlimtHt 
nh^diitely  healed.  At  thi9  time  a  Hinall  \^\nu- 
diilar  ahsi-e-Mrt  fonned  in  the  nerk  and  wru* 
(ijM-ned  and  dressed  with  l^nraL-ie  lint.  Ifn 
M;irch  -3,  eiyftipehin  nttncketl  thifl  wnnnd  ami 
(jiiu^kly  c|iro!id  over  the  head  and  neck*  Tin- 
lialient  jtiK  r'pidly  weaker,  nnd  ilietl  on  April 
2.  ( Thi^  itt  really  a  caac  of  c-ureil  lamhar 
Mbacew  diingof  another  CAU«e  belbre  loavinf; 
hospital.) 

A»rptic  rrturw?,  the  diiteharge  iK-inj:  purely  «ier- 
oufl  and  vcnr  sliKht  in  quantity.  Healed  in 
SB()teniber  187ft. 
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Stfel 


4     IIcIbT,M 


tit    JmrnK^n 


I     Ann*  HeK  ,  »      Cta^  Av,  «,  1S71 


1 


of  lb*  Imnr 


I J    ^  vv\.  ;l' 


i.'L    [';  UaM..  ;ii> 


J  h«>  rauM*  iif  (lentil 
wn«  iplithiHiFt. 


firatiit,  ill    innirt'iw*  Ijf 


ture  ia  tbc  lumtMf 
the  iMck.    Advuure 


Dom&l  nbweso*  Gt^ai 
fluK  liver  the  whoU 
curvHture  of  the  n 
vcn'  weak  and  aiuci 
a  yfir  ago.     Patient 
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IAbscesses  (eojitinued). 


£>rain«g»-tat>«  iaterted. 


iDnirwf^-tiilx'  iiueiietl, 
fin  cvacuHtcd. 


nbove  Ponpart's  Ugnment. 
|»-lub«  inwftod.  23  ok.  of  paa 

i|)en<^(]  ahnve  IViipart'v  li^- 
0  ns.  uf  |iU9  contAinini;  |iioccM 
!  wen-  i*viicurU(1.  Drnina^- 
itf  ituwrted. 


k 


10      4«.      of      |lll«      QTSCIUltnl. 

ge-labe  inwrtcU. 


94     t>z.    «)f    |>ui>     vvnninliMl. 
g«-lubv  imwrted. 


lU      M 


f4     cffi.     of    pus    cvaouiited. 
BC-tnhe  inserted. 


Ob  Feb.  S8,  the  two  Mnftllcr  absoMNS  lud  cluctd. 
The  driinnee-tubp  wjia  rptnfiTcd  from  iheulhcr, 
&nil  Iiy  Murch  H,  tlu!  tliitchar^  was  wry  nHght. 
The  pnrert5  were  very  anxiniiA  to  Inko  ihr 
chiKl  homo,  and  thvy  were  nllnwcd  to  <ln  »*t 
afler  liAving  been  in»truclwi  in  the  inethud  of 
drcMiin^^.  Tho  ^noral  health  waa  at  that  time 
im  proving* 

Aseptic  ciMirv.  Afler  June  3,  thc^  criKe  wa.i 
dresAxl  every  Bccond  day,  and  after  July  ft, 
Kyvry  three  dayii.  I^eoled  about  the  be^noiDj^ 
of  November.  ' 


Aaeptie  course.  No  more  pus.  Found  healed  on 
Octiiber  10.  Patient  allowed  tu  get  up  for  the 
fint  time  on  I)rceml)er  *;. 

The  dunfaarae  nipidl}*  diminLihcd.  nnd  thp  eoai? 
wu  soon  areaaed  only  once  a  vci-k.  Aecptic 
c«iirw,  the  diM^harp!  beiOR  purely  »en>us.  On 
Defcmher  2,  1874,  abeoenwA  wen-  found  In  con- 
nection with  the  elhow-Jciini  and  otteniMl^  th<3 
pnlient'd  health  bein^:  then  go(Hl  and  the  psiNLs 
Hbtceni*  nlntfwt  hefilf>il.  Wtii'n  lh<-  imlifint  Ii'll 
h(»»iMiMl  rviTytliin»{  wft*  Miiintl.  Whrn  hcmd 
of  ill  |}177,  Mho  WMA  well  and  strong  ntiil  bad  n 
fairly  movable:  clbuw-jolol. 

Aaeptic  courae.  Quite  hoaU>d  on  July  31,  1874. 
On  Septrmlwr  1.^.  1M7-1,  «hi'  wnw  tiUowed  to  sit 
up  for  ihii  ftrxt  titiiv,  liut  iincrHiinl.H  d-lt  fiTcM 
pAin  in  thi'  dnrsni  vi-rtrhnr.  !Sbe  mintu  ^nt  up 
»n  (Stutter  I!,  but  o^iiiu  had  pain.  On  t  MolK^r 
Ti,  a  »mntl  al»cefi8  wiu  Mi)ent'd  at  the  nlde  of 
the  fnrmer  one.  This  IipoImI  during;  Hip  spring 
of  \n7h,  nnd  fbi>  patii-iit  was  diM'tiiir;;i--il  r'urcd. 
(The  exact  dnle^ot  hettltngaud  disi'tifirgo  cuu- 
noL  bti  lutcerLained.) 

Til!  the  middlK  of  Novemlwr  the  caiw  went 
on  wlII,  and  tin*  fji'm-ral  honltU  s'ocnied  to  irn- 
provn,  iiiil  from  that  time  flic  lun^  di!«(*H!4[' 
rapidly  pot  worno  and  the  patient  frradunlly 
het'Ainc  wertker.  Diarrha'a  net  in  in  Jnniinry. 
During  Ihf  last  two  or  (hn?e  weeks  thrre  wan  n. 
considernblf  incren5e  in  the  amount  of  the  dia- 
charice,  which  )K!CAnie  purulent. 

The  abaeesH  went  on  as  uirual,  the  dincbarKe 
dimfnbihinc,  and  tho  pallcnt'jt  health  impnw- 
ins  when,  on  April  &,  ^hc  tore  off  the  dre5»in(r«. 
Idext  ttay  there  wan  a  kH^M  hntclt,  jtml  the 
wound  wai  inji-eted  with  l-'JO  cnrbi-lir  hiti'in. 
The  diwdiarm*  therratter  was  oitourlesfi.  No 
noted  are  piven  from  the  end  of  April  till 
November  ItJ,  when  she  is  Miid  to  hove  bei*n 
*  discharged  iu  imicesa  of  cure.*  (See  T.  Chart 
LV.) 
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Mflrj(iirut  W„'2i 


iiu^  A|wU  17.  IW7X 


/*-•..  Niiv.  7,  iBrti. 
Ursuit,  ciirej. 


0;f.,Jan.  Ill,  ltt7A. 
In-Air*'  lit.-aliiig  wiia 


A^H,,  Jitmi  ST,  iKTrt. 


Off.,  NihV.  H'.,  iMT/i. 

llAUslJiWl. 


bar  nucioa*     Bof  nn  cbc 


L><ir»«l  »bw:tWi      Angnlaf 

iliinuil  twiocu     ftympUrt 

W(  Uliaul    a|i{i«ftit«^    and 

IwcuiviiQriijk 
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Tn>*uuei)l 


14  UL  of  pus  eviiCUAtwl. 
f  bone  lu  the  ptu.  Draiiin^^ 
eried. 


b      <«.     of     ])Uif 
;c-Lube  inacrtou. 


evacuatiMl. 


i  02.  uf   pas   eirjUTtialt'U.     No 
o-lubo  wu  inaerted. 


V  a  diuection  a*  If  to  Ue  the 
[  iliuc  an«ry.     Dr«in«^c-iube 


ke  Xo.  17,  la  vx.  uf  piu  evA- 


iilmr  verlehrK  mom   Ml  to  be 
UraiuB^c-tubc  iniwrteiL 


ie  Ko.  17,  Abuve  Pnupvl'Bliipi- 
DraiuAtS^-tube  uuerlcd. 


}0  fiz.   of  |iiu  uvftc'Hiled  cun- 
pioctts  o(  buna. 


Hcuutrkii 


Ascptk*  eonrse.  Healed  Novemb«r  90,  1874. 
AUnwtd  tu  ii*  up  un  Junuiiry  D,  1875.  Exact 
daltt  i>f  diaehjtr^  uot  given. 

A(tepticLH)ur>i-.  HfnIM  in  Au);u>t  197^.  Patient 
r4pi(lLv  pu;kcd  up  tlc»]i  and  rc>K«incd  Iter  n|>)in- 
titc  ahvr  tht>  nbMVM  wiu  o]ieni<-d.  Whcu  shu 
wan  dilii'tiHrgKiJ  sliv  wiu  stuut  and  wvll. 


On  SepttinilK^r  N,  thi-t  wmiud  had  healt'd.  but  a 
cuU(M;tlun  MJuQ  rufunued,  wbtch,  uu  evacuatiun, 
wajt  fouud  ttt  voiuiitt  uf  clear  yettow  serum . 
l>urin;^  the  uiunlb  uf  Fcbrunry  thf  case  seotns 
tn  linvL'  putrchi'il,  iiml  on  ^larcli  '2'J,  aiii'plit: 
niriiBuruH  wen*  (it4ip|ieU  Hud  wt>t  Lruracic  lint 
applied.    Seat  borne. 

Aseptic  rourno,  but  the  pntb-nl  wa^  extremely 
nuilusn,  mid  it  wu»  very  ilidicuU  to  prvvunt  liiiii 
from  flitting  u[>.  To  tliix  U  \H^t^\hly  due  the 
ItinK  delay  in  hvalin^.  Tbi?^  nbtit-esH  was  fiTund 
heiMid  ou  September  In,  IHitl.  A  H<;ci}n4  mb- 
■cen  fornied  mi  the  iijiiH^^itv  side  ami  wm 
ujieHiNl  during  Octubfr  \H7b,  Thin  bad  beHlcd 
bcfitre  till'  |uitiunt  wua  dbk-burgcd. 

The  wound  wait  didiiir  well,  but  tbu  paUcitt  };ijt 
iireil  of  hoHpilul.  otifl  wutJ  i  nut  PtJty  longer. 
Hit'  IuIn:  wiLa  llien-forf  rtniovtil  and  hv  waa 
taught,  htiw  to  tlri'M-t  thi'  wountt  u<«e|)tica]ly. 
Wlit-n  b^'  \vi\  Iii5  uriiit>  wii^  iill>tiiuinuiit>,  but  '\t» 
(tLtitu  un  (uluu^iitu  in  nut  givuu. 

Tbix  uitTH-  iii;fiil!«  |o  bilVf  fiilluWt^l  un  nM'ptir  i-tiiirne  i 
thu  imiiuiit  leH  the  btxtpttjil  bvalv^l  ami  turud. 
Hut  ttie  uotLtt  nrv  nl>i>minuldy  (aktii.  niui  thvre 
it  iiu  utitf  either  of  ibc  (talc  uf  h«aling  or  u(  Ibe 
datti  vf  (lUwi 


^'bifl  case  did  wel  till  the  C-'brialmua  hulidai*B, 
wbvu  putrtf,iL*liou  liivnih  lu  have  otvurnjtK 
After  that  tnnc  tbfn*  iviw  j^niCufw  purulent 
diai'liitrcr,  thuuub  'I'r  tlu^  luuitt  pnrt  udiurluss. 
The  t'liilil  wui<  ^eLtiu^  thuiiii:r  and  weaker,  and 
the  pari'Ut«  vrmlivd  to  laki-  Lit>r  hump. 

All  through  thi*  iam;  there  vm  i;reut  dilHcultv  in 
itetiini;  free  draiau^e,  and  ctmsHqueatlv  ihere 
wn»  ati  unusual  uinounL  uf  disL-hargi',  title  unae 
renuirm^;  drt^sinR  aUmt  every  seconfl  tiny. 
LaliLTtv  lliu  puUrnl  MuirL>it.'tl  tttvcrv  puUi  in  lIr' 
thi^b,  it'Ki  and  buck,  nitb  i'oni«tniU  vomiting, 
thi  [Mi!«t-iiiiiricuk  fXfinitrialtoti  iht-  luiiiliar  vvrtiv 
bra;  were  found  to  )h*  t'oinplL-tely  dUor^ani.-wd. 
caviliczt  cuiitainin>:  chwvy  ninteriiU  Lwiii^  fuuud 
Id  ttif  bodk's,  trunKVt'rse  and  Rpiuous  pn)c'GiMes 
of  the  vcrtcbiat-  The  binlici  of  twu  vertc^Hra 
Were  atnn'nt.  'Vhc  liver,  !*pk-eti,  kidneys,  and  in- 
teittU)er>  Merv  in  a  ^tatu  uf  waxy  detfeiieraUvn. 
Fur  T.  Clwrt  ju.?t  i^vfurc  dvalb,W>  >V  1.111. 
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aaa             resuit^  of  .tsrisBPTW  «cz|g 
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!T«. 

XtMd  uAd  Ag(! 

DUe  of  OpFHiiln]  ud 
tHKhv^:  vlUi  ttevalC 
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EUodS.,  ^£.    . 

Ote.,  Not-.  II,  m?jv. 
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28 

JuhuD.,  IN.    . 

«Mh^(,  cared. 

l^iKMiA  ■h«ceaa  pouilil 
vAtnrp  wf  the  -iiii 
fur  H  vMr*      lie  w 
And  criincintcit  Mji 
«bM%8a  fumieil  in" 

fti 

JolmD^fl.    . 

ft*.,  April  4.  I87fl, 

And  bad  Hiiviujced 

4 

H 

l4 

m%^  T.,  tv .  . 

/*w..  Jtily  {iim, 
H^niU  cuml. 

Arfmittpl  ivilh   »  |ia 

v^w  ill  tlic    lumli 
twrtiHl  ft  fwnttA  RbM 
akifi  Httd  al^o  A  luiH 
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/Jt*,.  S«]it.  4,  1JS77. 
JUtitU,  cured. 

tiii»»]n[i.    It  hfld  bn 
fill  Hvvr  ftinrp,  and  wl 
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!KS8ES  (continued). 


Trcttfcment 


DraiDngc-tubc  iniertod. 


opened  ah(>re   Ponpart's  liga- 
DnLinnge-tube  iiuwrted. 


abore     Pou|mri'«     ligmnent. 
of  bone  r«rtt|ir<l  with  the  pus. 
ige>tube  inserted. 


ftltove  Poapflrt'a  li^nmont,  20  oz 
I  evftL-UftteU.     Draiiugo-cube  in* 

t 


RcntBrka 


^^Bd   above  Poupart's  !ij^a< 
^^^^  of pUd  cvncunCtfd.  Drain- 


Aiwptic   euur»e.      Healed    Nowraber   iO,   18711. 
(See  T.  Chart  LTI.; 


The  psDM  lUiiWflM  went  on  very  well.  A  Urge 
ab»ceM  ftirmed  iti  the  othnr  thif;h.  nnd  was 
openetl  on  Kebruiiry  |1.  The  {uiUcni  wan  r^ 
moved  to  a  privnt<?  houfio  in  Oft<»hcr  1877,  and 
placed  under  Dr.  Hinhoii'.t  care.     Ur.  Hi^hop 

writ«a  n^  futloWA  in  the  BritUh  MtiiinU  Juurnai 
for  Janu'iry  ill,  I88U:  'Jubn  L>.,  healed  iu 
March  1978.  Left  Kdinhtir^h  in  May.  \Vhi?ii 
laMt  heard  of  iip  W(ii»  aide  to  wnlk  wi'hout  sup- 
}Nirt,  and  wii>  feeling  <juite  strong.*  (For  T, 
Chart  for  mime  days  after  the  second  abKeaa 
waa  opened,  ace  Nu.  LIV.) 


The  dl8c*bargt>  Meuu  to  have  rtmalnod  aseptic; 

though  Liltvrly  it  increiued  noinewhat  in 
nmnunt,  neL-e^Hnit/iting  a  rhnnfi^e  of  dreminfc 
uvi-ry  twii  or  throe  duvB.  H Ih  cuiigh  fcut  worn, 
he  hccatne  weaker,  and  died  of  phthini^i. 


Aaeptic  cuurM,  but  the  cnw  was  extremt'ly  le^Ii- 
oua,  A  i««ias  ahflcetn  furnied  un  tbi-  rij^ht  &ide, 
and  waa  opened  im  Janunry  l(i,  1K7M.  In 
March,  after  a  (iry»ina»tic  ptrfcrniaiii't'  in  her 
bvd,  Htie  fell  K^^t  paiu  in  b4:r  back,  and  a  lum- 
bar abflcefls  formed  and  was  ri|)encd  on  Apnl 
17,  IH78[  bore  bone  was*  ft-lt  by  tho  fin^t<r. 
Tiiecuao  wont  on  with  alnuwt  nu  diKchnrKi*,  the 
dreMinffx  U>iiijjr  changed  only  (•iife  it  w(t>k,  litl 
Au^ruMt  lf*79,  wh"n  the  tlrnt  9inu!i  beiikMl.  !» 
the  be^nriinc  of  iJctoher  this  opened  up  n^ain. 
On  Niivcmber  2"2  the  right  picas  nb:M^<(9  wn» 
ftiund  lioil^d,  and  on  D'eemhor  27,  rhe  lunilMxr 
ah>iii^->.s  had  hcalod.  Alth«tii,'li  the  <kri;;iiinl 
Hiuiu  had  ni)t  yet  heiiled.  tbc  |)alit>ut  wun  »l- 
lowed  to  gpt  up  in  Frbnian'  IHMO.  Thin  idtiiu^ 
hi'alud  in  June  18H0,  and  the  patinnl  went 
ht»Miv  in  the  iMviiinint;  nf  Julv.  l>uri[ii^  the 
whidf  tinii'  thw  putii-nt  had  hfuin  in  p»»Hi  li.-nllh, 
(ind  hor  ro-HV  t:hf*k*t  ( nut  h«*'JiifJ  ami  iip|.n-fir- 
Hn»;e  uf  iM-rfcft  hi'ilth  renrhrrwl  it  ilifticult  in 
)K<rstude  iiny  one  that  «he  wa»  sufferitif;  frrjui 
diaeaa<;  of  the  S{>ino  with  two  p^a^  and  utie 
lumbjirabscew.  (Sc^  T.  Chnrt  LVII.  ukpn  nt 
the  time  wbeu  ihe  nicoud  abM-'eas  wati  upeneU.) 


Aseptic  i-ourse.  FTealed  July  5,  1877.  Before 
her  dischar>;v  Aw  wns  jible  to  walk  abuut. 
(Sec  r.  Chart  LVIII.) 


M  M 


Phm«  abscoe  wblck  b^il 
Ihi^      U^d    htea    m 


PsAU  BibflC«s   whicli     hmt 

thigh,  Th^  curvatntie  , 
at  ttjc  twelfth  durNi]  jm 
ncnt  ptn  waA  mt  tbe  iiei 
limr.  Pftlient  mucb  eo 
weak. 


Hp         MS,  LISTER'S 

JiPIXAL   AfiSCESSES.                        6;]  I         ^^H 

•M.  Ab9C£S6E<4  {continued). 

^M 

TnatBMii 

Ilcmarks 

1 

1  ill  (hi*  thiKli.    A  Hnund  was  then 

Aiuptic  «>ur»e,  miuiidly  hi-alcd  June  1877.    Thv 

td  under  l%)U|>iirt'n  litfaincnt,  the 

wound  in  the  Cbigh  healed  in  n  few  ilnys  but  pUK 

^^^M 

t  prtjjet-ted  agiitiuit  tlm  Akin  and 

raftccuniulatpd  thprp,  and  it  wa.<i  iieLfMUtry  tt> 

^^^M 

mt.     The  lowtr  wound  wiw  thrn 

open  Ihu  M-ar.    (The  object  of  the  pniccdure  wns 

^^^M 

lie>l.     limiiui^-tube  inserled  Inla 

to  obtain  an  ojienln);  nhuvo  FoupnrtV  ti^ameal 

^^H 

ipl«r. 

OS  far  awav  front  tht>  ptibi^  oa  p<tMihlf  witU- 
nut  thr>  difficulty   of  n   .'<|«f  iiil  iliAn-^'linn.     It 
was  hujiecl  that  Uw  wound  iti  Uih  ihi^fh  would 
heal  by  lirst  intention,  and  ihnt  ihc  pun  of  the 
absoen  in  the  IhiRh  would  drain  into  the  abdo- 
m«L)     (SmT.  ChoiiLIX.) 

1 

1  like  No.  «:.     \>i7   Ihirk   piw 

Fw  »otne  time  the  case  went  on  very  wi-ll,  but  U 

H 

liuiug  iJieces  of  booL*  wua  cvacu- 

waaamatteiof  extrLtuo  diflieulty   tu  keep  on 
the  dreisingi  owinK  to  his  di'tbrniity.     An  ab- 
KfM  fonucfl  on   the  oppoftte  aide   and    waa 
upeoed  ill   May    1877.     Pulrefactluu  occurred 

H 

^^^1 

^^■L 

during    the    summer.      Of    this    patient    Dr. 

^^H 

^k 

Blahop   writoi> :   'Ilia  father  removed   him   iu 

^^^1 

August  1S78  to  thtt  West  of  ScoUand.      Ho 

^^^1 

was  then  cooaiderably  impmvwl,  having  youth 

^^H 

on  ttifl  side  to  resist  the  wptio  intluences  ;  etid 

^^^1 

when  be  won  last  huard  of  be   won   rannlng 

^^^1 

about.' 

■ 

L    Dninttgctube  inserted. 

Aseptic  course.    The  seooiid  absces)  was  opened 
hVbniary  *i»%  1877.     Dr.  llinhop  MV^  '  Mtchaol 
C.  benlc'd  in   Marth   I87>*.     Left  in  May.      In 
July   1878  he  v-nn  able  to  gu  tn  ['eierfaead  to 
the  herring  (tnhing.    He  returned  to  the  llehing 
in  1879.'     (.Sep  T.  Chart  LX.) 

1 

%  owned    nlmn-p    Prinpnrt*«   Uga- 
b     Uruinttge-tuU:  imterted. 

Aseptic  courac.      Dr.    KiHbop    aayii:    *John    B., 
h»^aled  in   December   187*  ;  left  in   F.-hnj»irv 

H 

^^H 

quite  strung  and  well.     When  la»t  lieurd  nf,  hi* 

^^^1 

1 

was  employed  u  a  colporteur.*    (See  i.  Churl 

^^H 

i 

LXI.) 

H 

HMK.  of  pns  evaciuted.    Dmin* 

The  paUent  apparently   suffered  from  c*rbolic 
itoisuning,   and   therefure    the   drctwinga   weie 
left  on  for  a  h'ng  time  (tnd  were  made  very 

H 

pk  liuertU. 

^^^1 

^^^1 

amnll.  j»ml  cre<i!kite  and  ultiiniilely  thymol  were 

^^H 

Muhiiituted   for  cartmlic  acid.      Aa  the  rmtilt. 

^^^1 

i>f  these  flmnge^.  putrefaction  cpcciirred.     The 
discborgn  beiianie  foul  and  cxeeediiigly  profutie 

^^H 

^^H 

■nd  the  patient  became  rapidly  weaker.     Aa 

^^^M 

he    exprcaaed   a  desire   u^  go   home,    he   was 
allowed  to  du  »u.    Lie  died  about  a  month  after 

^^^M 

^^H 

he  gut  hume. 

H 
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Heniy  W.,  24  . 


Muy  P.,  Sfi , 


jlerw/t,  cured. 


On,,  Miiv  fi.  1^79. 


0»^  Fc-b.  0,  1880. 


Ojt^  Juni)2n,  IS79, 
/Ir*.,  July  JH«(I, 
Ht*nit^  in  [tn>cBAa  of 
ciixo. 


g. 


'In/E,  L'urvii. 


flutl  in  thp  ^lutftflj 
the  tuwer  dora^  ve 


lure  of  ihe  luwer  di 
vdlvbriB. 

iLmbv  vortebrfi;  fa 


CuTVitwre  of  the  spin 


tb«  brtck  for  some  t 
found  in  the  leA  lus 


VvcmM,  ifaKcri.     Prooi 
1      vertebni.    Crejit  pal 
IhAt   part ;    «h<^  <>oiq 


moved  without  cryii 
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TrMlment 


iImoii  wm  mailo  into  tiM  abaccM 
« the  L-r<?5t  of  the  ilium,  and  nix 
I  of  iXvat  Huiti  wpn*  fvariitteil. 
riui<i  in  the  l»iittork  urns  pvnni- 
liy  the  unie  ineiHun.  Wouiut 
bcu  up. 


1  likf  No.  17.  I>raino;.'e-taI»e  in- 
•d,  14  cK.  uf  |iufi  with  |>iri«a  of 
I  escaped. 


d  Atiovf  The  rrrst  of  fhfl  ilium 
It  iM  middle;  'M  int.  uf  Ihin  pus 
[)cd.     l>rftiiiit:c^tu1»Q  inwrtcd. 


il  llhe  No.  17,  8  ox.  of  thick  mnr- 
ike  puft  e»ci)«d  t'oiitainliii;  pic«Cfl 
MM.    Urniiu^tulte  tDsurtcd. 


k 


I.     Draiomge-tulw  invripil. 


tt  o|ieuMl  aod  t4  OK.  of  pua  c*m- 
littv  of  lioiie    cvu'Uitrd. 
•tut**?  iriMrtnl. 


Eenurki 


The  fluid  rearcumu]aU*d  in  the  bntlock^  mnd  in 
the  hi'^inniii^  uf  Aii(n^<«t,  17  oz.  uf  seroua  6uid 
were  ri^mnvcd  In-  the  aspirntor.  Th^Tc  waa 
A^ititi  rcnccumnlnliou*  and  18  oil  were  with- 
drawu  on  An^it  22.  On  SeplembfT  4,  the  old 
cicatrix  wu  oprnvd  and  a  draiiiA»!;e-tnbc  in- 
serted. Tho  tube  got  blocked,  oiid  there  were 
reMi'«'tittitdation  aud  hifch  tentjH-ratur<^.  (The 
pntient  was  olw  meiutrimtiiif£  nt  tho  titiio.) 
An  t»o<>n  u  free  exit  waa  provided  for  the 
HiiJd,  the  temiwmture  fell.  The  com  then 
fulliiwed  a  ty]tirat  (Hnititi*  and  (h<>  wound  healed 
durin){  April  1K79.  She  went  homo  quite 
well  and  stmn);  in  the  be^dntiint;  of  June. 
Wlivn  the  fluid  wak  let  out  im  .Se|ilemlM>r  4,  it 
hnd  n  iTcoliur  vluur  nnd  contaiiifd  uumemua 
bacilli.  Tlie^e,  however,  diMppearei)  In  a  few 
da^-r,  bcInK  apparently  eiilwr  dc«d  already  or 
incapable  of  developint;  in  the  wrouft  diicharKe 
ffviii  Uie  wound.     (See  T.  Chart  LXIt.) 

Aaeptic  conrfir.  Wound  healed  on  March  4, 
1H79.  Patient  wai>  in  ex^vlhait  health  throu^^h' 
iml  the  whole  treatnieuU  (Seo  T.  Chart 
LXllI.) 

Aaeptir  enurae.  n*-nle<I  mmpletely  on  February 
2&,  |KHO.  I'atiettt  itii|iro\'e<l  in  f;euera1  t-uudt- 
tiun  from  t,he  day  of  the  oiwration.  (&'«  T, 
Chart  LXIV.) 

Fur  iiome  day»  tht^  ntortnr-like  abifT  conlaininf^ 
fra)cment4of  bone  could  bo  preascd  oat.  Uy 
Febmnry  24,  the  diKhart^e  was  eerona  and  tlie 
cose  thfcnccforward  folluwwl  it  typical  aaeptic 
cour-e.  The  elevaii'tii  nf  temperature  on  I'el»- 
ruory  9,  anil  the  following  dayu  coincided  with 
the  patient**  tir5t  menstruation.  Healed  during 
July  IftW).     (Sec  T.  Chart  LXV.) 

.Voeptic  conn*e.  In  the  sntnmer  of  1880,  ma  there 
wu  nodUchariie,  even  though  the  biuub  hod  not 
healcl.  the  r>atient  wna  allowe<l  to  walk  about. 
When  tlie  htnpitaJ  wa»  (dn«cd  in  July  1880,  the 
riniiK  wa^  »tri11  unhealed.  He  woj  »pnt  home  to 
be  treated  A>ei<iicallv  by  hit  own  doctor.  (See 
T.  Churtl.XVl.) 

Aaftpllc  eourae.    The   |uiin   in   the  back   di*np- 

pearwl  in  a  few  days  nnd  the  patlent'i  health 
raiiidly  improved.  Knuml  lioaled  on  June  lA, 
1881.  pHtient  then  well  and  ttmni*  and  iiuite 
free  frnm  pain  oT  twidemeM.  (Sec  T.  <  hart 
l..\Vll.) 
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Another  case  was  admitted  during  these  ^ears,  a  little' 
with  psoas  abgc'i:»8s.  This  was  opened  aseptically,  but  tbeparex] 
insist t;d  on  removing  the  child  3  days  after tlit*  operation, for' 
apjmrent  reason.  As  of  t-ouree  such  a  case  could  not  be  of  a! 
vahic  in  regard  to  the  effects  of  treatment,  I  liave  not  includ 
it  in  the  list. 

We  have  thus  37  cases  of  abscess  connected  with  di* 
the  spine  treated  by  free  incision  and  the  insertion  of  a  d 
tube  mider  strict  aseptic  precautions.  Of  these  23,  or  62"j 
were  certainly  cured,  ThiH  figure  does  not  however  re] 
all  the  coses  which  recovered,  for  several  of  the  pitieutB  1 
hospital  continuing  the  atteptic  method,  and  I  see  uo  rpason  v 
these  ilid  not  also  recover.  I  woidd  thus  consider  that  4  oti 
jjatients  (Xos.  3,  7, 18,  and  30)  were  probably  also  cureil,giviii 
total  of  27  cures,  or  72*9  per  cent,  of  cures.  S 

Of  these  37  cases  4  died  in  hospital,  and  1  is  kuown  tffll 
died  soon  after  leaving  hospital,  giving  5  known  dentba  uk 
cases,  or  a  mortality  of  13*5  p.  c.  But  it  may  be  said^^ 
cases  which  putrefied  and  wi're  discharged  also  died  ; '  afflf 
doubt  souie  of  tliem  did.  Reckoning  these  cases  therefore 
also  cases  in  which  a  fatal  result  ultimately  occurretl,  we  sho 
have  9  dcjiths  in  37  cases,  or  a  mortality  of  24'3  \H.tr  cent 
know  however  that  this  percentage  is  too  high,  for  tl 
No.  28  was  improving  in  general  condition  when  he 
lieiird  of,  and  he  very  prt»bably  recovered,  and  the  n 
No,  16  was  by  no  means  certainly  fatal. 

If  we  enquire  int«  the  caases  of  death  we  find,  that 
i)u-\\\  must  necessarOy  be  present  in  a  certain  number  oi 
jiaMcnlH.  Thus  Nos,  12  and  24  died  of  phthisis,  while 
died  of  exhaustion,  and  on  post-mortem  examination  there  i 
found  most  eactensive  disease  of  (he  spinal  colmnn,  so  extent 
and  of  such  a  nature  that  the  chance  of  recovery  under  1 
circumstances  was  exceedingly  minute,  if  indeed  it  can  be  b 
to  have  existed  at  all.  No  5  diwl  of  a  cause  quite  independ< 
of  the  lumtiar  abscess;  indeed  this  case  ought  to  be  reckon 
as  one  which  was  cured  of  the  lumbar  abscess,  but  which  di 
from  another  cause  before  leaving  hospital.  The  case  sho 
very  well  Hif  dangei*s  nf  a  Rei»tic  as  comi»ar<'d  witli  tluifie  of 
usejitic  wound ;  for  for  months  the  iwtient  had  ha*l  an  ojp 
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•wound  treated  aseptically  without  any  bad  result,  but  he  did 
not  liave  a  septic  wound  many  days  before  it  was  attacked  by 
erysijjelas,  of  wliich  the  pati^^nt  died. 

The  cases  inwlilch  putrefjiction  occurred  show  very  well  the 
contrast  between  the  course  of  cases  where  the  aseptic  method 
has  failed  (in  other  words  the  course  of  septic  cases),  and  of 
those  where  the  aseptic  method  has  been  successfully  cJirried 
out.  If  we  look  at  the  causes  of  failure  we  shall  see  that  in 
one  or  two  casjcs  there  was  good  reason  for  it.  Tlius  in  No,  1 
the  abscess  was  oi>ened  at  tlie  np|»er  and  inner  part  of  the  thigh 
quite  close  to  sources  of  putrefaction.  It  was  this  case  which 
hhowed  the  danger  of  incisions  in  this  situation,  and  led  to  the 
much  better  pliiu  of  opening  psoas  abscesHeH  in  all  caHes  above 
Poujmrl's  ligament.  The  immediate  cause  of  putrefaction  in 
this  instance  was  that  the  menstrual  discliarge  stmked  the 
dressing  and  conveyed  putrefaction  to  the  wound  before  the 
aceideut  was  detected.  Hf-re  also  it  must  be  noted,  that  the 
application  of  an  elastic  bnndage  along  the  margin  of  the 
dressings  had  not  yet  been  inlroducnd,  and  hence  the  edge  of 
the  dressing  was  not  always  in  apj)ositiou  with  the  skin.  That 
putrefaction  occurred  under  these  circumstances  is  not  a  matter 
for  surj^rise.  No  case  will  go  wrong  from  this  cause  in  future. 
Then  in  No.  28  the  dressings  sli]»]jed  owing  to  the  extreme 
deformity  of  the  i»atient  and  the  difficulty  in  retaining  them 
in  position,  but  this  will  probably  also  Ik.*  avoiditble  in  tlu'  future 
by  careful  management.  In  No.  31  we  had  the  coinjilication 
of  carbolic  poisoning— a  eomplifatton  hap]vily  extremely  mre — - 
and  by  the  use  of  one  or  t»thur  nf  the  jtowerful  antiseptics  now  at 
ourdisijosal  we  may,  1  think,  reckon  that  if  a  similar  case  should 
occur  again,  there  will  be  no  necessity  for  such  treatment  as 
would  involve  tlie  risk  of  putrefa<'tion  of  the  abscess.  Then 
we  have  two  cases  in  whicli  no  explanation  is  given  (Nos.  1 6  and 
20).  These  were  likely  due  to  the  cnrelo-tsness  of  the  dressers  ; 
one  (No.  20)  occurred  during  the  Christmas  holidays,  when  most 
of  the  dressers  were  away,  and  when  those  wh.o  were  left  had 
generally  more  work  than  they  could  do  without  hurrying 
over  it,  Altogetlier,  I  believe  that  in  future  the  chances  of 
a  case  going  wrong  are  very  small,  as  indeed  we  already  see 
from  tlie  more  regular  progress  of  the  last   cnses.     For,  if  we 
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look  at  the  results  since  IS?.**,  we  fin4  that  73*3  per  cent 
the  cases  were  certainly,  and  80  per  cent,  probably,  entirely 
curcd»  as  against  59  j>er  cent,  of  certain,  and  72"7  per  cent,  of 
probable,  i-ureK  in  the  preceding  four  years.  But  this  does  u| 
yet  give  a  true  idea  of  the  present  probabilities,  for  of  the  ^M 
cases  which  jiroved  fatal  since  1875  one  died  of  an  unavoidaHe 
cause — phthisis — while  in  one  putrefaction  occurred 
circiunstances  whifh  would  not  now  happen,  viz,  the  ali^ont 
a  fairly  trustworthy  substitute  for  carbolic  acid.  The  resull 
the  last  few  years,  both  in  hospital  and  private  ]>ractice, 
that  in  a  patient  not  affected  with  phihisis  or  other  dangerous 
malady  a  cure  is  in  the  highest  degree  probjible.' 

If  we  hx)k  at  the  cases  which  recovered,  we  see  that 
I  stated  at  p.  519  is  true — that  the  effect  of  opening  a  h 
abscess  as*^ptinilly  and  keeping  it   freely  open  by  mean» 
drainage-tube    is   not  a    severe   attack  of   fever,    nor    prol 
Bnppuration,  nor  hectic  fever,  but  is  the  relief  of  the  jiati 
from    any    hectic    symptoms    from    which    he   was    previonsly 
Rnffering,  and  his  rapid  retum   to  a   nonnal  state    of   h( 
without  any  snppuration  from  the  abscess  cavity.     The  chai 
wronght  in  these  ))atieuts  is  very  remarkable.     Some  have  been 
brought  into  hospital  in  a  very  feeble  and  emaciated  conditio 
appirentiy  nijiidly  dying,  and  yet  in  a  few  days  after  the  nl 
was   opened   they  recovered  their  appetite,  they  rajndly 
on  flesh,  and  soon  gained  an  appearance  of  robust  health. 
cases  which  were  cured  were  not  cured  after  a  weiikening 
finement  to  bed,  but,  when  they  left  their  beds,  they  were^ 

•  With  referonce  to  all  the  caacs  raentioneri,  I  noed  hardly  point  oul 
the  re»<nlis  obtnined  during  a  numlicr  of  years   in  which  a  method   is 
devolnpod  do  nol   give   (he  prrtfnt  prohahilitifs  of  success.       The 
method  is  much  mnre  perfect  at  the  present  time  than  in  1872,  and  lb* 
the  failnrcd  in  the  cArliDr  perifjd  reduce  the  average  reflults.     It  is  only, 
failnrcs  th.it  advance  i«  nuide,  and  the  failures  in  the  earlier  periled  hav«| 
to   improvements  which  avoid  the^e  errors  in   future.     For  a   very  wi 
example  of  this  look  at  Case  1  of  the  peoas  abscesses,  where  tJie  foilurv  Ic 
the  selection  of  a  better  position  for  making  the  incision.     In  the  same 
other  failures  led  to  the  wetting  of  the  deepc*Ht  layer  of  gauze,  to  thn  u.<w  ol 
eloMlic  Itandage,  4c.,  and  it  is  only  the  ret<ultH  since  thej»e  improvement*,  wl 
nhcw  the  proitent  state  of  multers  aud  which  now  give  thcwo  who  employ 
method  great  oonfidcnc*.*  in  it. 
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good  health  and  strong,  while  when  they  were  adraittetl  they 
were  in  some  cases  miserable,  weak,  emaciated  creatures. 

This  success  after  opening  spiniil  abscesses  ase]rficully  has 
been  obtained  by  several  Burgeons  who  have  used  the  method 
carefully,  while,  on  the  other  hand,  surgeout^  who  have  been 
apparently  successful  with  other  wounds  have  failed  in  tliese. 
This  is  the  case  in  which  ]ierhaps  of  all  others  faulty  manipula- 
tion becomes  evident.  For  in  an  ordinary  wound,  as  we  have 
seen,  the  healthy  tissues  may  destroy  causes  of  fermentation 
fihould  fhey  accidentally  enter  the  wound,  but  in  an  abscebs 
cavity  like  this,  such  destruction  will  not  occur,  and  therefore  a 
slight  error  which  might  not  matter  and  might  escai*  notice  in 
the  case  of  a  wound,  will  entiivly  upset  the  result  here.  These 
cases  are  really  tests  as  to  whotlier  a  surgeon  is  thoroughly 
versed  in  the  details  of  the  aseptic  method  ;  and  till  n  surgeon  is 
able  to  reckon  on  success  in  these  instances,  he  ought  not  to 
venture  on  operations  of  coTnenience,  such  as  many  operations 
on  joints,  &c.,  in  which  failure  is  apt  to  be  followed  by  gi-ave 
consequences,  nor  ought  he  io  bring  forwarti  his  own  experience 
as  telling  for  or  against  the  aseptic  system. 

When  I  come  to  look  for  comparative  statistics*  on  this 
subject  I  tind  none.  During  the  Eilinburgh  ])enod  I  do  not 
find  mention  by  Mr.  Sjicnce  of  a  single  case  of  this  kind,  nor  do 
\  find  reference  to  them  by  other  st^itisticians.  I  have,  however, 
in  the  history  of  this  subject  referred  at  length  to  the  views  of 
surgeons  on  the  dangers  of  o]»ening  these  abscesses,  and  we  have 
peen  that  when  they  were  freely  ojiened  and  kept  o|>en,  death 
was  locked  for  in  the  va«t  majority  of  eases.  The  onlv  methods 
which  yielded  any  Rnrt.  of  satisfactory  results  were  the  valvular 
methofl  and  the  method  by  aspiration. 

At  the  meeting  at  8t.  ThiimasV  Hospital,  to  which  reference 
has  been  already  made.  Sir  James  Paget  said,  '  A  few  years  ago 
I  believed  that  I  had  never  seen  a  jmtient  recover  after  the 
oi>ening  of  a  lumbar  or  a  psoas  abscess  with  a  free  incision  ;  I 
could  not  remember  one  who  had  not  died  before  the  opened 
aliscess  had  healed.  Of  late  years  I  have  known  such  abscesses 
opened  with  complete  impunity  under  antiseptic  treatment  ;;nid 
there  has  seemed  nothing  but  tliis  treatment  to  account  fiu*  llie 
difference  of  results,' 
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Wb  are  now  in  a  jHx^ition  to  cx)n8iuer  the  i>oin< 
pagex  365  and  366,  and  first  as   to  the  resiiUs  of 
methods  in  saving  life. 

In  Chapter  XVI L  I  have  brought  forward  ainai 
to  show  tt'ktU  are  the  results  of  the  vurimis  ■vfUfihotla 
ing  infective  dutitse^  and  I  must  now  refer  to  this 
rery  shortly.  We  have  seen  that  the  aseptic  met] 
eflSciently  carried  out,  has  practically  abolished  infe 
eases,  and  that  this  result  has  been  obtained  wl^ 
hoKpital  was  one  in  which  these  diseases  were  onljr  p 
small  amount,  as  in  Kdinburgh,  or  whether  it  was  one 
from  seme  cause  or  other,  they  were  rife ;  where  th« 
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was,  as  it  is  said,  infected.  We  have  also  seen  that  none  of  the 
other  forms  of  antiseptic  surgery  give  the  same  certainty  afl 
regards  the  resultj  and  that  the  absence  of  infective  diseases 
increases  in  direct  jirojxirtion  to  the  increase  in  asepticity  of  the 
wounds.  I  have  merely  to  recall  the  facts  from  Mr.  Lister's 
own  practice,  which  show  the  difference  in  the  results  of  aseptic 
treatment  and  treatment  by  antiseptics  carried  on  by  the  same 
surgeon,  in  the  same  wards,  during  the  same  time,  in  cases 
more  or  less  severe.  (I  cannot  say  'of  equal  severity,'  because 
the  cases  treated  aseptically  were,  taken  as  a  wliole,  much  more 
severe  than  those  treated  with  antiseptics.)  The  proportion  of 
infective  diseases  was  four  times  as  great  in  cases  treated  with 
antiseptics  as  in  those  treated  aseptically.  But  it  must  further 
be  noted,  that  the  two  cases  in  which  the  aseptic  method  was 
employed  and  which  died  of  infective  diseases,  were  both 
cases  in  which,  through  error  in  the  manipulations,  an  aseptic 
result  was  not  attiined  ' ;  they  were,  in  fact,  septic  cases.  And 
so  it  may  be  truly  stated  that  in  no  case  in  which  the  aseptic 
laethod  was  efficiently  ciitTted  ont^  i,e,  tvkere  ferrtientalion  and 
inicro-organievis  were  absent  from  the  wound,  did  the  patients 
suffer  from  blood-^poisonituj.  In  other  words^  the  aseptic 
tnethodywhen  efficiently  earned  ont^was^in  Mr.  Lister* s prac- 
tice^ effectual  in  entirely  preveniing  infective  diseases. 

Similar  evidence  is  furnished  by  Volkmann,  Nussbanm,  and 
others  to  the  effect  that  in  the  very  few  cases  in  which  infeclive 
diseases  occurred,"  faulty  manipulation  could  be  shown,  and  this 
is  further  proved  by  the  facts  that  these  cases  orcurred  at  the 
commencement  of  the  trial  of  aBOjjtic  treatment,  while  as 
the  surgeons  were  learning  the  method,  and  that  since  thej 
have  become  thoroughly  versed  in  its  use  these  diseases  hai 
disappcan'd,* 


'  That  two  cases  in  which  the  aaeptic  niethofl  van  applied  died  of  infective 
disease  does  not  prove  tliat  the  keepinpf  of  a  wound  OM-ptic  is  not  sufficient 
to  prevent  those  diw;a«e»,  because  in  neither  of  the:^e  coses  waa  the  wound 
kept  n«optic,  a  failure  duo  enilrelj,  as  has  been  prcviouiily  abnndanlly  shown, 
tu  faulty  manipulation. 

3  Jt  appears  to  be  generally  the  opioion  of  tlioso  who  have  had  much  expe- 
rience in  Biseptio  trealment,  that  while  pyicmia  and  septicaemia  are  rt^adily 
enough  pot  rid  of,  preat^r  care  is  required  to  prevent  the  occurrence  of  ery- 
sipelafl.    Tlie  following  is  the  explanation  whicli  I  would  give  of  this  fact. 
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Tlie  other  methixls  of  autiseptic  su 
this  reiq>ect  chiefly  in  tio  Seu*  as  they  j»revent  or  I 
tht;  occiii'reu(.*e  of  fcrmentiition  iu  the  difiohargt 
And  hence  it  is  that  among  the  bejt  meonSyni 
for  ac-comiilishing  the  pui'iMrtse  aimed  at,  are  trt 
tion  and  the  wat^r-bath,  or  the  very  free  use 
Beptii!ft.  The  ojien  methixl  and  free  drainage  ari 
though  to  a  less  ejctent. 

It  has  been  asserted  by  some  writers,  more 
Mr.  Savory,  that  the  good  results  following  the  d 
methods  were  due  to  cleanlinefls,  and  that  equally 
are  obtainable  by  cleanliness,  combined  with  gooi^ 
&c.,  as  are  got  by  the  Listerian  method-  By  the  ■ 
ness,  as  ordinarily  employed,  is  meant  the  ele« 
fitruments  and  sponges,  in  some  case^  the  use  of 
at  each  opemtion  and  of  fresh  instruments  in  the  i 
case,  plenty  of  water  to  wiish  the  wound  with,  the 
and  clean  dressings,  and  great  cai'e  in  the  ventilj 
wiuxis.  Combined  with  these  is  careful  nursing-,  g 
good  hygienic  conditions,  &c,  Mr.  Savory,  howevi 
as  *the  prevention  or  removal  or  destruction  ol 
which  may  prove  jjoisonous,'  and  this  definition  oo^ 
some  extent  with  the  meaning  of  the  term  *  antisej 
as  employed  in  this  work,  though  I  have  limits 
methi^nls  which  interfere  with  the  production  of  the 
substances,  rather  than  to  those  which  neutrali 
after  they  are  formed ;  and  I  have  also  define 
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There  seems  to  be  little  room  for  doubt  that  eryiipeU«  is 
growth  of  microoooci  in  the  skin  ond  raboatAncoiis  tiasne,  mos 
the  lymph  channels,  Now,  as  we  have  seen,  one  form  of  micx 
aneptic  wouo<hi  comparatively  readily,  more  readily  than  o| 
organiffmK.  We  have  no  absolute  evidence,  however,  thai  | 
f.>rm  of  micrococcas  which  can  get  in  in  the  manner  dcMcHbed  h 
and  it  is  by  no  means  Improbable  that  the  form  which  cam 
might  enter  with  coiuidemble  f^ility.  Where,  therefore,  a  woa 
altogether  against  organisma.  eryaipclafl  is  avoidcl ;  but  when 
cicntly  relaxed  to  let  in  micrococci,  it  is  possible  that  the  a 
erysipelas  may  also  enter,  though  the  causes  of  other  infeotiv 
excluded.  That  they  cannot  enter  so  easily  as  the  microcooci  prevj 
to  in  proved  by  thu  absence  of  crj-^ipelaa  in  the  practice 
thin  method  most  carefully. 
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vhat  the  nature  of  tliu  enemy  is  with  which  we  hiive  to  contemL 
The  mode  in  which  Mr.  Savory  i>roj)Ofles  to  meet  the  require- 
mentH  of  his  definition  irt  the  following ;  '  Taking  a  case,  say, 
of  amputation  through  the  thigh,  or  of  excision  of  the  breant, 
1  should  treat  the  wound  in  the  way  following.  Having  care- 
fully arrested  all  hemorrhage,  using  most  probably  the  car- 
boliHt'd  calgut  ligature,  and  having  gently  removml  any 
jwrticles  of  bl<.Mjd-clot  that  may  have  lodged  on  the  surface, 
employing  only  clean  water  or  s|K)nges  ju-st  rinsed  out  of  it,  I 
hhouid,  without  any  further  interference  w^ith  the  surface  of  the 
wound,  bring  the  edges  together,  adapting  these  as  nicely  as 
iwsaible  with  silver-wire  sutures.  I  should  not  in  any  way 
attempt  to  close  the  wound  completely,  but  I  nhould  leave 
8{>aces  between  the  sutures,  perhaps  from  one  to  two  inches 
long.  Then,  over  the  course  of  the  wound  and  for  some  distance 
un  each  side  of  it,  I  should  place  a  layer  of  folded  lint  which 
had  been  previously  well  soaked  in  olive  or  almond  oil  contain- 
ing one  piirt  in  about  50  of  carbolic  acid.  Over  tliis  again  I 
should  place  two  or  more  layers  of  dry  lint,  cither  with  or  with- 
out cotton  wool;  so  arranging  this  as,  by  gentle  and  ei^uable 
pressure,  to  secure  without  any  violence,  as  far  as  practicable, 
the  accurate  adaptation  of  the  surfaces  of  the  wound  through- 
out, avoiding  thus  any  considerable  cavity  in  the  interior.  I 
should  secure  all  this  by  strdj^ping  or  bandage,  or  both,  so 
adjusting  these  that  they  may  be  hereafter  removed  with  the 
least  disturbance.  I  should  place  the  patient  and  the  wound 
in  the  most  comfortable  position  possible,  having  especial 
care  to  the  fact  that  Huids,  as  they  form,  may  flow  outwards. 
...  As  a  nde  I  do  not  disturb  this  arrangement  for  forty-eight 
hours,  althoiigh  very  often  1  change  the  dressing  and  ins^icct 
the  wound  after  twenty-foiu*.  .  .  .  Tlie  dressings  are  removed 
with  the  utmost  gentleness,  and  the  st^ite  of  the  woimd  carefully 
insijected.  Especially  is  attention  directed  to  whether  there  id 
any  tendency  to  the  lodgment  of  fluid  ;  whether  that  which 
forms  can  e3cai>e  freely ;  whether  there  is  much  tension  of  the 
edges.  ...  If  the  wound  presented  no  other  evidence  than 
that  of  satisfactory  re[)air,  I  should  dress  it  as  before,  and  pro- 
ceed in  this  fashion,  dressing  and  examining  it  daily  or  less 
fre<j[uently,  according  to  cii-cumslances.     But  if  at    the    first 
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dressing,  or  at  anj  time  afterward,  the  disch; 
profuse,  or  the  siirfaces  did  not  remain  in 
wi*re  much  tension  or  a  bluish  at  the  etlgcs,  I  si 
substitute  a  bread  and  water  i)ouUice  for  the  pi 
and  probably  continue  to  employ  this  until 
deejKT  i»ortion  of  the  wound  tiad  cIommI.  Wlieff 
wound,  I  sliould  wash  it  i»rol«d>ly  from  the 
wat«r,  perhaps  containing  some  perroauganal^e 
form  of  Condy'a  fluid,  or  other  jM>teut  untiseji 
irritating  kind.  I  should  accomplish  thi^,  washl 
thought  fit,  portions  or  even  the  whole  of  the  hxi 
use  of  a  syringe,  avoiding  contact  of  8i>onge»  or  athi 
with  tlip  wound-  I  aim  here  at  the  utmost  |X)SsiJ 
having  at  the  same  time  due  regard  to  the 
unnecessary  dis-turbance,  that  the  process  of  repai 
terru|>ted.  And  withal  I  endeavour,  by  means 
indicate,  to  secure  for  my  patient  the  most  compl 
the  jmrest  air.*  Such  is  the  way  in  wliich  Mr.  Sav 
to  carry  out  the  *  prevenh'on  or  removal  or  destn] 
matter  which  may  prove  jwisonous.'  I  do  not  intei 
whether  or  to  what  extent  this  method  will  succeed 
these  requirements  ;  1  leave  that  for  the  reader  of  tl 
]>ages  to  decide.  I  quote  it  ae  showing  what  the  I] 
mean  by  the  term  '  cloanh'ness/  and  it  will  be  se^ 
Savory's  description  of  treatment  by  scruj>alous 
does  not  materially  differ  from  what  is  ordinarily 
that  term. 

I  must  now  proceed  to  inquire  whether  thii 
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»  It  is  too  much  the  fashion  at  the  present  time  to 
an  the  term  is  now  etuployed,  existed  lun^'  ago,  and  to  Hpeak  o 
planation  of  the  results  of  the  aseptic  method  which  Itas  b« 
by  Mr.  Lister.  On  the  contrary,  oleunlincss  ub  at  present  ncd 
of  the  leading  developments  of  Ht.  Listvr'a  writings.  The 
in^rumcQts,  sponges,  J>:c^  is  the  leading  feature  of  his  syaten 
attended  to  before  ho  wmte.  The  avoidance  of  silk  tigatures 
catgut  ones  is  due  entirely  to  him.  for,  though  cat^fut  bad  been 
hati  failed,  and  it  was  not  till  Mr.  Lister  discorered  how  to  pi^ 
was  of  any  use.  Drainage  also,  though  iutroduced  longago.and 
into  notice  by  Chasaaignac,  was  very  imperfectly  nscd  till  Mr. 
with  il,  sbowtd  its  importance,  and  duiiioost rated  the  be^t  modi 
it.    ClcaulincM  in  the  ooxnaon  EKccptation  of  the  tenn  is  nol 
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rejilly  ;«  effect uul  in  i>reventing  iiiFwrtive  iliseast^s  jik  the 
inrtliods  of  treatment  foimded  on  the  LiHterian  i>rinci|jle.  If 
we  l*K)k  at  the  evident;*?  on  this  ]x)int  we  rIuiII  tind,  that  no 
atnount  of  cleanliness,  ventilation,  &e.,  has  succeeded  in 
abolishing  infective  fliseases  to  the  same  extent  ius  the  aseptic 
method.  Thin  is  at  once  exident  if  we  again  look  at  the  com- 
parative results  in  Mr.  Lister^H  own  hands  of  caaes  treated 
a.septically,  and  of  those  trejited  with  antiseptics,  i^'c.,  Li\  by 
scru]iulou8  cleanliness  (p.  376).  It  in  still  more  strikingly  evi- 
dent if  we  contrast  the  results  obtained  by  Professor  8|»eiice 
(p.  378)  with  those  got  by  Mr.  Lister  in  the  same  hospital  and 
duringthe  same  time.  For  there  we  find  that,  the  total  mortality 
in  Mr.  SjMmcc's  practice  was  very  much  grejiter  than  in  Mr- 
Lister's,  whether  we  take  the  results  of  individual  operutions  or 
the  total  results  in  the  two  cases.  It  will  also  be  seen  from 
Mr.  Savory's  statement  at  Cork,*  and  still  better  from  the 
KejKjrt  fif  fc?t.  liartholomcw's  Hospitjd  for  the  following  year 
(p.  414),  that  infective  diseases  are  far  from  abolished  by  the 
use  of  the  *  most  scrupulous  cleanliness  '  a|Mirt  frf>ni  truly  aseptic 
means.'     This  is  the  result  in  healthy  hospitals. 

But,  supposing  that  it  were  the  case  that  these  diseases  are 
abolished  in  healthy  hosj>itiils  by  clesinliness,  free  veutilatiou, 
&c.,  there  is  abundant  evidence  to  show  that  these  remedies 
tire  but  feeble  iii  hasjiitalh  which  are  unhealthy  or,  as  it  is 
termed*  infected.  Ij^^ok  for  instjince  at  Professor  Yolkmann'a 
results  before  and  after  the  intrnduetion  of  the  aseptic  jnetluxl 
(p.  385).  Before  he  employed  it  be  luid  used  cleanliness  in  its 
best  sense,  that  is  to  say,  he  hud  irrigated  his  wounds  with 
water  and  with  antiseptics,  treated  them  with  the  water-bath, 
treated  them  with  antiseptics,  *S:e,,  and  yet  infective  diseases 
increased  to  such  an  extent  that  he  had  resolved  to  close  the 
hospital  altogether.  Nevertheless,  as  soon  as  the  aseptic 
metho*i  was  introduced  these  diseases  disajipeared.  Perhaps 
the  most  striking   jaece  of  evidence  on  this  subject  derivable 

Mr.  Lister'8  methorl,  for  ho  v*  ^I^d  to  allow  acctmiQlation  of  blood  and  dirt 
nronnrl  tbe  margin  of  IhR  womid,  .so  long  us  miero-organism^  dn  not  ent«r  l\\\g, 
dirt,  liiicausc   ii   prpt^U  tlie    woiin<l  ffoni   Iho   irritation  of  iho  antiseptic 

tempi  oved. 
'  Britiith  JUrdiral  Jottrnak  August  9,  18T0, 
*  6cc  also  the  rcsulta  of  amputations  io  Hi.  Qeorge's  Uoapital,  p.  414. 
: . 
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from  Volkinaiiii'8  experieBce,  \m  that  wiih  rc|fard 

thymol  (p.  404),  showing  thai  where  tiie  antl«t^pilc  i 
was  inefficient  the  Boigeon  m%ht  tak«  tbe  lutint  s^^nipa 
cautions  with  regard  to  deanliiKflv  and    jret 
infective  diseases. 

Similar  evidence  was  brought  forward  by 
baum  (p.  393),  and  bis  testimonj  ie  ih^  more 
clear  from  his  results  in  the  country  hoepitul  that  he  i 
been  treating  his  cases  with  ^  scmpuloiu  clenDLinevp^ 
introduced  the  aseptic  method,  uid  yet  hi^  |jial:ient#tfl 
in  lai^e  numbers  from  infecHve  diKftaes  in  the  hospital 
Nevertheless  as  soon  as  the  listerian  method  was  h 
these  diseases  at  once  ceased.  That  in  his  practn 
pulouB  cleanliness '  when  th(m>nghly  canjed  out  was 
effect  is  still  better  shown  by  the  &ct  to  whidii  he  alii 
that  even  after  years  of  aseptic  work  with  absence  of 
disease,  these  diseases,  of  as  violent  a  type  as  fonnei 
apt  to  attack  wounds  not  treated  aseptically.  Many  c^ 
bearing  on  this  subject  will  be  found  in  Chapter  XVI 
need  not  recapitulate  them  here. 

It  follows  from  what  has  gone  before,  that  a  methi 
is  ineffectual  under  unfavourable  circumstances  has  only  i 
usefulness  when  they  are  fi&vouiable ;  for,  as  soon  as  fi 
ciuise,  accidental  or  otherwise,  the  circumstances 
unfjivoumblc,  the  m(*thod  becomes  ineffectual.  T 
cleanliness  almie  is  no  method.  To  be  effectual  it  : 
eonibined  with  careful  nursing,  efficient  ventilatio 
hygienic  ronditions,  careful  medical  treatment, good  siirg 
so  f(tr(h.  Kemove  one  of  these  conditions,  and  in  prop< 
the  im]M>rtance  of  the  factor  displaced  does  the  treatment 
ineffectual.  What  the  ase]>tic  method  does  is  to  subs 
unity  for  a  complexity,  and  thus  to  render  the  patient  ii 
(lent  of  any  disari-angoment  of  a  number  of  factors. 
tlie  causes  of  fermentation  from  wounds  and,  as  the  evi 
have  brought  forward  abundantly  proves,  you  at  the  sai 
(.'xclude  the  causes,  wluitever  they  may  he,  of  infective  < 

With  the  exception  of  a  few  extremely  rare  cases  wh; 
be  left  out  of  discussion,  the  causes  of  infective  diseu; 
the  KhIv  through    a   wound.      If  therefore   these 
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excluded  from  the  wound,  they  may  be  abundantly  present  in 
the  surrounding  air,  and  the  ptitient  may  bo  in  n  fit  condition,  or 
in  other  words,  may  be  a  favourable  soil  for  their  recejitiou,  but 
never* ht'lesa  he  will  remain  safe.     And  thus  the   surgeon  has  u 
feeling  of  oertainiy  that  in  spite  of  the  condition  of  the  aur- 
rounding  air,  or  the  receptivity  of  the  ^»atient,  the  hitter  ia  safe 
so  long  an  the  means  employed  to  exclude  the  (.auHes  of  infec- 
tive disease  prove  effectual.     On  the  other  hand,  aim  merely  at 
rendering  the  caU8ea  of  infective  disease  inert   by  a  numW'r  of 
isolated  precautions,  and   the  failure  of  any  one  of  thene  from 
causes  overl'wked  or  unknown  renders  the  [patient  liablo  to  be 
attackeil.     There  is  no  certaii»1y,  no  security,  in  such  ainethiKl, 
That  a  jjatient  Ih  liable  to  be  attacked  by  i)ya3mia  and  other 
infective  diseases,even  under  the  most  favourable  circumstances, 
when  he  is  not   treated  aseptically,  is  most  beautifully  .-:hown 
by  iMr,  Holmes'  experience  at  the  Wimbledon   Hospital,  and  I 
do  not  think  that  I  need  a])ologiae  for  quoting  his  words  in 
detail.'     In  order   to  test  whether  oi>enitii:tiis  would    succeed 
lietter  in  the  country  than  in  the  town,  Mr.   Ilohues  operated 
on  tw(.»  piitients  at  Wimbledon.     '  I  commenced,'  says  he,  '  with 
two  cjiscH  whicli   seemed   to   me  to  be  very  a])[iropriale  for  the 
ex]>eriment.     *  )ne  was  a  middie-uged  man  suffering  from  ehmiu'c 
ditKsase  of  the  tarsal   bones,  a  i>erfectly  healthy  individual  wlm 
had  never,  as  far  as  I  could  find,  had  any  serious  disease  iu  his 
life,  anil  certainly  never  suffered  innw  erysi[»elas.     The  other 
was  a  man  broken  down  by  all   kinds  of  dissijiation,  and,  no 
doubt,  to  a  certain  extent  a  bad  suliji-ct   for  :in  ainpiitatiou,  but 
otherwise  there  was  nothing   very  rfiiiarkable  alKmt    the   case, 
I    sent    these  two  men  down  to    Wimbletlou,    and    perforuifMl 
amputation  on  both  <<n  the  same  day,  a   few   da}'>  iifter  (heir 
admission  into  the  hospital.     They  were  treated    in  seiwrate 
rooms,  neither  room  having  been  used  before  ;  one  waa  in  one 
of  the  wards   of  the  ho,s](ii;d,  the   other  in   one  of  tlie   privati- 
rooms.     They  were  separate  from  each  otiier,  hut  attiuded  by 
the  same  nurse ;  otherwise  I  hey  were  in  exactly  the  «ame  con- 
ditions as  a  mail  would  hi*  in  private  jiraotice.     The  rtMirns  were 
I  entirely  free  from  all   jHissihility  of  contamination.     They  were 
not  attended  by  medical  students  at  all,  but  by  the  resident 
'  tfec  tltc  dtibtttv  on  Pytciuia.     Trnnsactwns  0/  tki:  Ct(nictii  Siteictf,  1874. 
If  IT  -> 
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medical  officer  of  the  boqiita].     There  were   no  other  cases 
connection  with  them  whatever,  and  all  the  other  cases  in  t 
hosj)itHl  were  eirnply  convalescent  cases.     I  never  t^nw  two  c 
more  likely  to  do  well.     One  of  them  wa«  certainly  a  case 
amputation    which    iiuyone   woiilti    have  exjiected   to    recov 
merely  Syme's  amputation  for  chronic  disease.     Both  of  th 
people   died,  one  of   ])ya'mia,  the    other   of   erysipelas.     T 
erysipelas  did  not  attack  the  stamp  at  all,  hut  simply  the  he 
This  appeared  on  the  fourth  or  fifth  day,    and    was    follow 
shortly  afterwards  hy  sloughing  of  the  skin  of  the  back  to 
enormous  extent,  a  piece  as  large  as  a   Hou|)-plate  sloughing 
few  hours  before  his  deiith.     The  patient   died  on  the  fifth  d; 
after  amputation.     The  other  man  diet!  on  the  seventh  day 
pyaemia.'     Argtie  over  these  caifiea  as  you  like,  they  simply  8h 
that  the  contention   that  cleanliness,  isolation,  and  so  on,  a 
suffieiently  jirotective  against  infective  disease  is  incorrect,  for 
hy  these  inctluHls  fome  unknown  factor  may  be  overlooked 
the  jKiticnt  heconie  infected. 

During  the  ileltale  at  the  Clinical  Society,  evidence  to 
same  efft-ct  was  brought  forward  by  a  number  of  »|>eakei 
Thus  the  yjresident.  Mr.  Prescott  Hewitt,  mentioned  the  occ 
reuce  of  ]iyremia  in  his  private  practice  in  twenty-three 
Mr.  Hutchinson  alsij  brought  forward  evidence  to  show 't 
pyiemia  is  extremely  common  amongst  the  lower  animals,  a 
it  occurs  aviouffst  ihein  when  thfiy  are  not  cnnvded  in  thelrtutt^ 
but  when  they  are  placed  under  ike  ynoftt  perfect  hygienic  coih 
ditioTis.^  Mr.  Charles  Hawkins  mentioned  that  an  outbreak  of 
phageda-na  occurred  in  St.  George's  Hospital  in  the  ward  ftt 
the  t/op  of  the  house, '  in  the  best  ventilated  and  best  p' 
ward  in  the  hos]iital.'  Sir  James  Paget  staled  that  pyte 
wa*  as  common  in  ])rivate  as  in  gixyd  hospital  imictice. 
says,  after  enumei-ating  several  cases : — •■  I  therefore  com^ 
the  very  clear  cnnchi?inn  that  there  is  really  nothing,  I  will  n 
Bay  in  any  hospital,  but  nothing  in  a  well-mauaged  bospit 
which  contributeR  to  the  pruduction  of  pya?mia,'  Dr. 
whu  liad  been  for  some  time  jihysiciau  t<»  the  '  Preadnong' 
refeiTed  to  a  great  improvnm(^nt  which  luid  followed  the  a 
donment  of  sponges,  and  the  substitution  of  fresh  tow  for 
cleansing  of  eacli  wound,  jmd  i  he  avoidance  as  far  as  ]>08Bibl< 
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the  transference  of  any  contaminutiug  material  from  one  patient 
to  another.  Mr.  Croft,  who  had  been  surgeon  to  the  '  Dread- 
nought,' said  with  regard  to  the  permanent  effect  of  these 
improvements: — *I  know  that  after  some  alterations  had  twen 
made  in  the  state  of  the  hospital,  an  improvement  took  place 
in  the  number  of  cases  of  erystipelas,  pya-mia,  and  phageda?na, 
but,  after  a  time,  while  Mr.  Tudor  was  there — J  am  sure  if  he 
were  here  he  would  bear  out  what  1  say — both  pyaemia, 
erysipelas,  and  hosjiital  gangrene  were  rife.' 

I  need  n(tt  cpiote  other  facts  mentioned  there  and  elsewhere 
to  shew  that  cleanliness,  free  ventilation,  &c.,  are  not  by  any 
means  perfect  protectors  against  |)ya*mia,  but  are  liable  to 
l>econje  ineffective  from  a  variety  of  causes,  1  <lo  nut  of  course 
mean  to  deny  or  detract  from  the  value  of  cleanliness  and  goc»d 
hygienic  conditions.*  On  the  contrary,  they  sire  most  excellent 
and  do  much  to  abolish  infective  dineiises,  more  especially  if 
they  are  associated  with  free  drainage,  and  chicHy,  I  believe, 
with  the  o\i*n\  method  and  antiseptic  irrigation.  My  argument 
merely  is,  in  the  first  place,  that  however  well  carried  out,  they 
do  not  even  in  the  most  favoumble  cases  protect,  the  patients 
entirely  from  risk,  more  especially  in  operations,  sucli  as  on  the 
bones,  which  are  particularly  liable  to  be  followed  by  pyiemia  ; 
and  in  the  second  place,  their  success  is  so  much  at  the  mercy 
of  numerous  disturbing  causes,  many  of  them  nnknown  and 
therefore  to  a  great  extent  unavoidable,  that  they  caimol  form 
anything  like  a  guarantee  against  the  occurrence  of  infective 
»lisease.  No  one  could  sixy  <»f  any  individual  case  so  treated : 
*  I  have  no  fear  that  you  will  die  of  infective  disease,  unless  you 
are  one  of  those  rare  individuals  who  apijareiilly  get  pya*mia 
sj>ontaner»UHly  :  indeed  you  need  not  take  the  danger  of  inflictive 
disease  into  consideration.'  (.*u  the  other  hand,  with  the  aseptic 
method,  whether  the  operation  be  conducted  in  an  'infected* 
hospital,  or  jierformed  on  jiarts  i«jrticularly  liable  to  be  fol- 
lowed by  blood-poisoning,  there  is  pr.icticjiUy,  as  the  evidence 


'  I  do  not  of  course  mean  to  deuy  ihnt  gooi  venlilation  w  lueful  even 
where  utioptic  treatoicnt  is  carried  out.  GiKfd  ventiliitum  Ium  been  sliuwn  to 
bo  ofweiitial  for  lioalth,  and  it  therefore  ought  to  be  carried  out  a-*  far  as 
possible  ia  every  cnjie.  I  (Speak  liere  of  ven(ilatiuti»  &c.,  as  tuMituUi  for 
aseptic  treatment. 
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brought  forward  abun<lanti}f  sliewtt,  netMirity  against   its  occi 
rence, 

Th*»  f»x]>Iini!itioii  of  Ihosp  fa<'ls  lias  been  fiiniiplipd  bv  variiMW 
writ*?rs,    iiiid    as    Mr,    Savory     has,     iu     his    sj>eech     during 
the  delmte  on    PyaMuia   and    at   the   meeting  of  the    Briti 
Medical  Association  at  Cork,  suuimariBed the  jioints  which  are 
sential  for  understanding  t lie ?»w(/»«  openind't  of  antiseptic  sur-^ 
gery,  and  for  showing  the  necessity  for  truly  aseptic  treatment,! 
may  <]Uole  wliaf  he  sjiys :  "We  may  take  a  deeoiniHwint^  tluid, 
inject  it  into  the  blooil,  and  produce  all  those  etTecIs  which  areJ 
generally  recognised  as  tin*  rlTfvts  of  pyienda.'     The  poison  *i«j 
formed  ihiri}»g  the  <iciiK)i|»nsi(io)i  of  animal  fluids,  animal  fluids 
in  coiintM'Hon  with  the  living  human  l>ody.'     *  DecomjM->sition  is; 
unquestionably  hastened  by  exj>osure'  to  air,     'Most  of  all,  thi 
introduction  of  other  matter  in  a  state  of  active  deoom|>osition 
increases  va,stly  the  mte  of  decomjKwition  of  the  original  tiuid/ 
T1iis  decomi>o=*ing  fluid  *  can,  by  a  syringe,  be  introduced 
once  into  the  blood  of  an  animal,  and  i>r(Hiuce  the  most  (emble! 
forms  of  bl<wid-p<iisoi)iiig/     '  As  we  have  been  already  told,  theJ 
not  unhealthy  pus,  normal  \n\>,  luay  be  injected  into  the  circu- 
lation, and  you  do  not  get  as  a  necessary  residt,  by  any  means,' 
pyjemia.     IJut   pus  is  an   animal   fluid,  which,  of  all   fluidit,  U\ 
most  likely  to  be  found  in  contact  with  wounds,  and,  obeyingj 
the    law   of  exposed    auirnal    fluids,  is    exceedingly    likelv   Xo\ 
undergo  decomi>ositiou  ;  and  then  pus,  undergoing  decompcsi-j 
tion,  will  produce   pyjemia,  a«  any  other  fluid   will   produce! 
pyietnia  which  is  in  a  state  of  decomposition.'     'Take  pus;  \o\i\ 
do  not  want  to  go  to  decomjMisiug  vegetable  and  other  animnl' 
fluids;  you  may  do  it  witli  t hem,  hut  take  pus,  and  with  it  I 
could  make  a  case  of  ]fya'mia  or  se]»ticaMnia  accorrling  to  order. 
by  the  length  of  time  which  I  kept  the  pus  before  I  injected  it;^J 
and  I   know  very  well,  in  exj»erimenting  on  this  subject,  oiial^| 
may  produce  all  degrees  of  tlie  disease,  and  rauy  si»y  that   the  ^^ 
chances  of  getting  second;iry  abscesses  are  iu  diretit  nitio  to  the 
length  of  time  an  animal  lives  after  it  has  become  inoculated  with 
the  iK)ison.     When  the  JX)i^on  is  thoroughly  septic,  when  yoa 
have  that  terrible  substance  which  Dr.  Burdon-Sanderson  has 
shown  us  how  to  get  in  the  ]M*ritoncal  cavity  of  an  animnl,  the 
blood  becomes  so  jioiftoned  and  s]ioilt  that  it  kills  outright,  and] 
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there  is  no  time  for  the  secondary  effects  to  supervene.'  And 
tlien  liow  is  it  tliat  this  fluid  can  be  in  contact  willj  gmnulating 
surfaces,  and  yet  the  patient  be  free  from  all  symptoms  ? 
Simply  because  the  granulations  protect  the  patient  against 
the  absorption  of  the  ^  (eirible  Bubstauce '  in  contact  with  them. 
There  are  other  rea^tnns  wbich  I  need  not  mention  here,  l»ut 
the  most  j>owerfal  is  that  which  I  have  just  stated.  I  again 
quote  Mr.  Savory:  'Tlic  best  work  done  in  late  years  in  this 
directiou  are  those  ex]>erimentH  wbich  Billroth  and  other 
persons  have  performed,  showing  that  where  granulations  are 
healthy,  when  they  exist  in  tbdr  integrity,  they  oifer  a  decided 
obstiR-le  to  the  paswage  c^f  the  material  from  without  to  within  ; 
but  when  these  granulations  become  destroyed,  either  meclmn- 
icaily  or  liy  other  n^eans,  whereby  they  are  broiiglit  into  an 
uidicalthy  state,  these  fluids  jjass  with  fatal  facility  through 
them  and  so  gain  entrance  into  the  bUMxl.'  I  have  already 
detmmstrated  tliat  the  dfLonijioMition  of  iirganic  fluids  and 
tissues  was  dependent  on  the  introduction  of  jKirticleH  into  them 
from  the  outer  world,  and  that  these  )»articles  are  liacteria  or 
their  spores.  The  latliT  ]»oint  is  not  abriolutely  essential  for 
the  question  at  issue,  ind^'cd  Mr,  Savory  sums  up  the  essential 
]K>ints  as  follows  in  his  address  at  Cork.  *  I  tm*n  away  from 
any  farther  im^uiry  as  to  the  nature  of  these  septic  j^tfirticles.  -  . 
It  u  eiimtgh  for  us  (hat  they  are  septic;  that  the*/  can  pro- 
dtLce  and  promote  putrefaction  ;  and  furtlier^  that  fluulu  ao 
chanr/ed  by  them  may  provoke  those  terrlhle  effects  whi^  are 
only  too  wdl.  kno^vn  um  blood-] ttnwtnliuj.'' ' 

I  do  not  pledge  myself  to  all  Mr.  Savory's  conclusions,  more 
especially  where  he  states  tlint  he  can  get  py/enna  and  scpti- 
ca?mia  according  to  the  length  of  time  that  the  decomposing 
fluid  has  been  kept  or  that  the  animal  has  lived  after  inocula- 
tion ;  but  the  statements  taken  as  a  whole  rt^flect  fairly  well  the 
present  state  of  knowledge  on  this  subject,  and  are  sufficient  ex- 
planation of  the  results  of  the  different  varieties  of  antiseptic 
surgery  in  regard  to  infective  disease.  They  shew  that  no  pre- 
cautious which  do  not  eutirely  j>revent  the  growth  of  organisms 
in  wounds  can  be  trusted  to  remove  the  patient  altogether  from 
the  risks  of  blood-poisoning,  for  if  organisms  are  not  entirely 
*  The  italics  are  mine. 
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exoliulcd  fivmi  wounds,  and  if  th(^sp  Wiiutuis  nre  not  very  care- 
fully dniined,  fluids  may  be  confined  in  the  deeper  parts  of  the 
wonnd  and  there  undergo  dee*:>mposition.  Tlie  use  of  a  bread 
and  water  |x>iiitice  greatly  facilitates  the  j)ut refaction  of  the  dis- 
eharge ;  and  thus  it  comeH  about  that  a  patient  8o  treated  is 
jjraeticaMy  only  proteettKi  from  the  *  terrible  poison'  in  hia 
"wound  by  a  thin  and  delicate  layer  of  gniuulations.  If  these 
remain  whole  and  healthy  all  may  be  well,'  but  if  from  some 
injudicious  movement  this  layer  is  ruptured,  or  if  from  some 
other  cause  thegranulalioun  lose  their  vigour,  then  the  pcitient 
18  liable  at  any  moment  t<»  the  entnince  of  the  poison  into  his 
circulation,  and  to  the  consequent  dangers, 

Mr.  Savory  eonsidert*  that  the  term  'antiseptic  surgery'  is 
aynonymoufl  with  thetenn  '  good  surgery.*  I  would  ask,  if  it  is" 
good  surgery  to  leave  a  patient  subject  to  the  risks  just  nientiouedf 
and  dependent  for  his  safety  on  a  nuniber  of  factors,  any  one  of 
which  may  fail  to  act  and  upset  the  remainder;  or  whether  it 
is  not  Ixjtter  surgery  to  keep  away  altogether  from  the  wound 
the  causes  of  the  formation  of  this  *  terril>le  substance/  and 
thu.s  make  the  patient  independent  of  the  numberless  accidents 
which  might  render  him  liable  to  the  absoqition  of  the  poison, 
if  it  were  alreaely  present,  ('leauliness,  isolation,  veDtilation^ 
poultices,  drainage  with  gutta-percha  tissue,  &c.,  may  be  very 
excellent  when  suitably  combinetl  and  carried  out,  but,  as  1 
have  already  pointed  out,  this  is  a  system  so  complex  and  so  im- 
practicable as  to  be  incapable  of  providing  a  aatisfiictory  safe- 
guard against  infective  disease  ;  it  is  not  the  simjde  thing 
which  some  hold  it  Xo  he.  The  true  simplicity,  I  again  say,  i» 
where  there  is  only  one  factor  to  be  considered,  as  in  the  :iseplic 
metluKl. 

I  do  not  intend  to  enter  in  this  work  into  the  discussion  of' 
the  germ  theory  of  infective  disease  at  all.  To  do  so  thoroughly 
would  retjuire  much  more  s])ace  than  I  have  at  my  disposal ; 
an(J  farther,  its  discussion  might  tend  to  obscure  the  real  prin- 
cii>le  which  is  at  the  basis  of  anfiseptic  surgery ;  for,  as  I  have 
already  pointed  out,  the  tendency  in  the  present  day  is  to  brin^j 


'  T))U  does  not  by  Any  m«in»*  always  foUow,  for  some  forms  of  ml 
(irifanismft  iimy  b.'  ftMo  lo  |icnclmte  throuj^h  lieiilthrgrmnulationA.andprodooc^ 
infective  diuuase. 
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prominently  fo^^va^d  Ihe  germ  theory  of  infective  disease,  and 
thus  Io.-it>  sight  of  tlie  real  |*oints  ut  issue.  For  my  own  part, 
I  consider  that  the  evidence  in  favour  of  the  genu  theory  of 
infective  disease  is  overwiieiniing,  and  I  eonstiintly  admire  the 
temerity  of  those  who,  often  througli  ignorance  of  the  present 
8t:ite  of  knowledge  on  this  subject,  ridicule  it  and  speak  of  it 
as  far  from  proven.  It  is  sufBcienI,  however,  for  our  purpose 
io  recognise  that  when  the  precautions  takeu  to  exclude 
Diicro-organisms  are  successful,  the  causes  of  iufective  disease 
are  also  excluded.  This  is  an  absolute  rule.  Look  at  any  of  Mr, 
Jjist-er's  euses  which  weiit  wrong;  they  only  did  so  after  fer- 
mentation had  occurred  in  the  wound,  after  the  aseptic  method 
had  failed  to  exclude  micro-organisms.  And  so  we  may  draw 
this  rule,  that  if  organisms  are  absent  from  a  wound*  that 
wound  ha\'ing  been  properly  examined,  the  jKitieut  is  prac- 
tioAlly  sfife  from  the  occurrence  of  iufective  disease.  If,  how- 
ever, organisms  are  present,  he  may  become  liable  to  these 
affections  from  causes  dej^ndiug  on  a  variety  of  accidents 
which  we  cannot  consider  here.  This  we  may  accept  without 
in  any  way  adopting  the  view  that  bacteria  are  the  causes  of 
infective  disease,  for  all  that  we  need  hold  is,  that  the  pre- 
cautions necessary  to  exclude  bacteria  are  sufficient  also  to 
exclude  the  causes  of  infective  iliseaae. 

That  the  aseptic  system,  of  all  the  methods  of  wound  treat- 
ment, is  the  most  certain  andpt-rfivt  protector  against  infective 
disease,  is  perhaps  even  more  strikingly  shown  by  the  results 
of  operations  on  heallhy  joints  and  bones,  which  are,  under 
other  systems,  particularly  liable  to  be  followed  by  iufective 
disease.  Such  operations  have  been  justly  looked  on  us  pe<m- 
liarly  dangerous,  and  as  only  warranted  under  exceptional 
circunistauceS;^  while  it  is  also  [iretty  universally  conceded  that 
if  they  can  be  perfonued  subcutaneously,  i.e.  more  or  less 
aseptieally,  the  danger  becomes  much  loss.  No  other  system, 
however,  not  even  the  most  scrupulous  cleanliness  and  the 
most  perfect  ventilation,  has  ever  enabled  the  surgeon  to  cut 
freely  into  healthy  joints  or  to  operate  on  healthy  lK»ues,  and 
to  keep  up  a  coniinunicaliini  between  the  external  air  and  the 
injured  bone  or  joint,  without  incurring  the  greatest  danger  to 
the   |)atient,  antl  that    danger  chiefly  from  infective   disease. 
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And  yt*t  the  rtsoder  has  only  to  turn  to  Chapters  XVHI,  ai 
XIX.  to  nee  that  such  o|K.Tations  r«n  lie  done  with  safety  uii( 
.irtc|>ti('  proc'autioiis.     As  I  luivr*  alrfady  di!»ciii*sed   these  fa( 
iu  detail,  it  woukl  be  mere  repetition  to  dwell  on  them  here. 
We  have  thus  applied  crucial  tests  to  the  various  syvtei 
with  the  view  of  ascertaining  to  what  extent  they  may  be  di 
I)ended  on  as  barriers  againut  infective  disease,  and  we  havew 
that  the  aseptic  method  is  the  one  which  has  done  most  iu  tl 
direction,  and,  indeed,  that  under  certain  circumstauees  it  is  tl 
oidy  one  which  can  bo  deptmded  on  at  all.     It    fallows 
Ihi.s  that,  aH  it  protects  against  pyjfniia,  even  in  the  wonit  c 
cumstances,  it  will  be  equally  certain  under  more  favoural 
condilicms  ;  and  as  we  have  seen  tliat  no  other  metho<l  of  trea 
meat  is  anything  like  an  absolute  safeguard  against  infectii 
diseases  in  tases  liable  to  be   attacked  by  it,   and  as  thi 
diseuses  mav  nociir,  as  we  have  just  shown,  even  though  rarelj 
under  the  nioBt  favoui'able  conditions,  it  follow?  that  unless anj 
sufficient  reason  exists  against  its  use  in  any  jmrticidar  instant 
Listerism  '    oiight  to  be   employed,  as  far  as  possible,   in 
cases,  and  where  it   is  not*  npjilicable  the  most  stren^ou^at 
temi>ta  ought  to  be  directed  to  the  limitation  as  far  ns  'can 
of  fermentation  in  the  wounds,  and  to  the  avoidance   of  ai 
disturbance  such  as  movement,    or  anything    which  tends 
make  the  granulations   unhealthy  and  thus  render  the  patii 
liiiblr  to  the  abBoqrtion  of  the  products  of  fennentation. 

But  death  after  openitions  and  wounds  is  not  only  due 
infective  disease,  it    may  occur  as  the  result   of   exhaustiot 
hectic  fever,  &c.     Among   these   the   nu>st  im])ortant   ar*'  tl 
deaths  which  ensue  as  the  result  of  prolonged  suppuratii 
most  strikingly  seen  after  oi)ening  chronic  abscesses  conned 


'  I  need  luinlly  rcpeut  what  I  hope  I  have  nlrtrady  mtida  fiafficioutly 
that  there  ia  a  difference  between  the  tnrma  '  Liateriiui '  and  the  •  I.iati 
mclliod.'     Listerism  is  the  ^rvat  /rnHnplr  of  wound  treatment  intrinltioe*] 
Mr.  LiKter,  a  principle  wliich  may  he  applied  in  various  ways.     The  b«.«l 
of  application  of  this  principle  is  that  worked  oat  by  Mr.   Lister  himself 
known   as  the   Liatcrian  metlod.    8unic  surgeons  have  intrcMlaccd  rxnt 
modifications  of  the  method^  hut  ihey  still  practice  Listerism,  Ibongh 
strictly  the  Listerian  moOnxl.     That  the  Llsterian  metlioti  is  Ujc  bc^f  tuudei 
pri**ient  known  of  earrrinp  out  Li*leTism  cannot  be  doubted. 
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with  can'ous  vertebra*.  In  tliis  case  we  luive  a  chronic  disease 
of  the  bone,  wliieli  has  led  (o  the  formation  of  an  ttlis<.*esa  in 
connection  with  it.  The  cause— the  rhronie  ilijtejuse  of  the 
bone — which  primarily  led  to  the  fortuution  of  the  abnct^ss,  waH 
not  very  active,  and  thuK  the  abscess  was  clirouic  in  its  eora- 
meucetnent,  i.tf.  not  attended  with  any  marked  symptom  of 
inflammation;  the  causes — the  chronic  bone  disease  ami  the 
tension  exercised  by  the  ]»ns  airt*ady  fitnned  on  the  walls  of  the 
abscess  cavity — which  induce  the  continufd  formation  of  pus 
t  very  slightly,  and  thus  the  abscess  increases  but  slowly, 
and  if  the  iuHamrimtion  of  the  bone  ceruse  and  the  pus  be  not 
very  tensely  confined  in  a  sac,  it  may  become  a  cheesy  muss  or 
even  be  entirely  iibsorbed.  As  a  rule,  however,  there  is  suffi- 
cient tension  on  the  walls  of  the  sac  to  lead  to  ctmtinuance  of 
the  pus  formation,  steady  though  slow  increase  of  the  abscess^ 
and  maintenance  of  the  bone  disease.  So  lon^^  as  tlie  skin  re- 
7nains  unbroken  this  abscess  increases  very  slowly.  If  now  the 
pus  be  withdrawn  by  means  of  an  aspirator  or  by  a  trorar  nnd 
ennula,  and  no  ciiuses  of  fermentation  be  admiltefl,  it  may 
happen,  though  in  truth  very  rarely,  that  there  is  no  reaccumu- 
lation  of  pus,  the  residue  which  was  not  removed  by  the  aspi- 
rator is  absorbed,  the  cavity  doses,  and  the  diseiwte  is  cured. 
In  some  cases  repente*!  aspind ions  are  necessary  to  secure  this  re- 
sult,  but  in  the  majority  of  instances  the  abscess  steadily  increases 
in  size  and  must  at  last  be  ojtened,  or  btirsts  externally.  And 
now  if  no  care  he  taken  to  exclude  the  causes  of  putrefaction, 
the  state  of  matters  becomes  very  different  from  that  which 
existed  before  the  skin  was  bmken.  As  we  have  already  neen, 
and  as  the  behaviour  of  the  chronic  abscess  so  long  as  the  skin 
is  unbroken  abundantly  shews,  pus  has  no  inherent  tendency 
to  undergo  fermentation.  We  atrto  know  that  the  gases  of  the 
air  cannot  induce  fermentation,  but  that  jwirticles  in  the  air 
and  dejwsited  on  surrounding  objects  can.  If  the  abscess  is 
opened  without  sufficient  aseptic  precautions,  of  whatever  kind 
they  be,  these  particles  must  gain  admission  into  the  pus  in 
the  abscess  cavity,  and  as  there  can  hero  be  no  destructive 
action  of  the  living  tissues  on  these  particles,  fermentation 
occurs.  And  thip  fermentationmay  or  may  not  be  putrefactive, 
but  whatever  it  hf,  its  proilucfs  are  always  more  or  less  chemi- 
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cally  irrihiting ;  aiul  the  effVii't of  the  upplicatJoti  of  irritati 
chemical  flubtttatices  to  gruuiilatious  is  to  cau^e  theiu  to  sup^i 
rate,     Further,  tht\'*e  irritating  cht^mical  substanoeti— the  j, 
duetto  ()f  this  ftTnR'ii!*ati(ui  —  are  not  traiiHiently  ajjpUed  bat 
constantly  prosont  (lav  after  day  in   contact  with  the  gnin 
tions,  for  as  we  have  seen,  the  '  vital   ferments  *  liave  an  in- 
definite j>ower  of  multij)lication,  and  thus  there  is  a  constant!^ 
fresh  sujiply  of  the  irritating  |jroducts.     The  reault   is  the 
fuse  suppuration  which  constantly  follows  free  incisioui  in 
these  ahsceifseH,  and  the  eonsequenoe  of  this  prolonged  and  fi 
8Ul>puration  is  hectic  fever,  exhaustion,  waxy  infiltnition 
degeneration  of  various  internal  organj*,  and  ultimately*  in  t 
gi'eat  niajority  of  cases,  death.     On  the  other  hand,  prevent 
entrance  of  micro-organisms,  a*  I  have  shewn  can  be  done 
the  aseptic  method,  and   the  pus  remains  as  unirritating 
formerly      There  is  no  more  reason  for  great  fiirrnation  of 
afti-r  than  before  the  abscess  was  ojK^ued  ;  iudeeil,  the  gran 
ktioutf  are  relieved  from  the  tension  of  the  pus,  and  are  th 
fore  less  irritated  tlian  before  and  seci*ele  less.     And  then 
a  few  days  the  gn-nter  jairt  of  such  an  abscess  Ciivity  closes 
adhesion  of  the  granulations,  and  only  a  sinus  is  left  leading 
the  seat  of  disease.     Hut  the  granulations  lining  this  sinu^  dd^ 
iKtl   sujipiuate  because  they  are  not    irritated,  and  hence  all 
that  happens  is  a  slight  transudation  of  serum,  perhaps  not  i 
couple  of  minims  in  a  week,  and  this  continues  till  the  diseiifp 
is  eured  and  the  sinus  can  close.     Thus,  during  the  treiiti 
the   jKitient  is  not  exhausted  by  i>rofuse  discharge,  while  he 
relieved  from  the  presence  of  the  abscess,  which  by  the  tenst 
of  its  contained  [»uh  was  keeping  up  the  chionic  inflammati 
of  the  bone  and  was  a  source  of  constitutional  irritatiou.     And 
thus  we  constantly  see  that,  where  such  abscesses  are  openod 
ascj>tii.Mlly  and  h-pt  iwepilcy  the  jMitient's  health  at  once  begiua 
to  improve. 

That  these  are  not  mere  tbeoreticnl  speculations,  but  that 
they  are  fuir  dedut'licMis  from  the  facts,  will  be  evident  to  aiit 
»ne  wIk)  will  carefully  weigh  the  facts  brought  forward  in  ttt  j 
history  of  antineptic  surgery  and  in  Chapter  XX.  Vox  there  »* 
«ee  that  the  only  iiuthod  of  tivatuicnt  which  could  be  said  to 
he  of  any  service  at  all  in  these  cases,  excepting  the  Listerian 
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5  witli  a  trocar  ninl 
caiiula,  or  nf  iniikin;^  a  valvular  iin-ision  into  the  iibscosn.  On 
the  otliov  Imnd,  we  have  the  miu'li  better  results  of  aseptic 
treat-ineiit^  results  not  obtainable  by  the  »o-ealleil  simple 
methtxls  of  cleanliness,  free  ventilation,  Sci\  T  need  not  go 
^  into  the  diseUHsion  of  these  resultii  again  ;  the  facts  hiwe  been 
H^uffieiently  given  in  the  last  chapter. 

1^1  Though  this  is  the  mont  striking  instance  in  which  profuse 
jHlRippurution  lends  to  loss  of  life,  yet  in  many  other  cases  great 
Hdanger  is  caused  by  it«  occurrence.  Thus  in  many  injuries  of 
bone,  such  as  compound  fractures,  very  jirofiisc^  and  jirolonged 
suppuration  often  follows  which  may  endanger  the  life  of  a 
weakly  patient,  or  may  even  in  the  case  of  a  healthy  |jatient 
lead  t<i  amyloid  infiltration  and  degeneration  of  the  internal 
organs.  This  is  chiefly  the  case  where  necrosis  of  jxirtions 
of  the  fractured  Iwne  occurs ;  the  necrosis  may  be  due  t^  the 
injury  directlvi  a  i)oiiion  of  bone  being  deprived  of  vitality  or 

taej)ardted   from    its  vascular   connections  at  the  time  of  the 
accident,   hut   more  frequently   it  is  the  result  of   acute    in- 
flammation   of   tlie   l>one,   acute    Hupi)unitive    osteitis,    which 
Hupei'venes  on  the  injm*y,  and  which  is  due,  as  is  at  once  evident 
from  corn|jarison   with  the  behaviour  of  a  simple  fnicture,  to 
iKthe  existence  of  a   communicntion  between  the  injured   lK>ne 
^^and  the  extenial  air,  and  the  consequent    occurrence  of  fer- 
mentation and  formation  of  iiritating  pr<.Klucts  in  the  wound. 
But,  if  the  wound  is  kejit  aseptic  the  fnicture  behaves  exactly 
as  if  it  were  a  simple  one,  the  danger  which  results  from  the 
external   wound  being  *'onipletely  avoided.     There  is  therefore 
Kbo  a<*ate  inflammation   either  of  the  soft  ]>arts  or  of  the  Iwne, 
^  and   hence  no  necrosis  from  this  cause;  the  process  of  rejiair 
I       at  once  couirnences.     And,  just  as  in  the  simple  fracture,  in 
B  the   way   which  will    be  described    more  minutely    presently, 
I       ]x>rtifuis  of  bone  detached   from  tlieir  vascular  supply  do  not 
therefore  give  rise  to  suppuration,  and   indeed,  by  no  means 
require  removal,  but  become  encro;iched   on  and  removed   by 
the  surrounding  new  tissue.     Here  also  this  result  depends  on 
the  ascptieity  of  the  wound,  however  brought  about,  whetlier 
by  the  aseptic  method,  or  in  mre  cases  hy  absolute  immobilisa- 
tion or  the  formation  of  a  crust.     If  once  ferrneutntion  occiu"s 
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ill  the  wouml,  itupiMinition  Iuke8  jiJijec,  deUu'lied  ]>ortioii]i 
bone  are  always  sejiarated,  and  fre^^uenfly  necrosis  of  li 
bone  resuUs.     An  abiindniu'e  of  fiicta  which  prove  these  vieir* 
have  ul.so  liet-'U  brought  forwjud.     The  «aine  remark?  apply: 
laeei-ated  w^uikIh,  though  in  thette  ca^es  the  HUp]>uration  is 
oft^n  so  gr«jat,  or  at  least  so  long  continued,  as  to  endanger 

WoundH  of  joints  also,  though  perhaps  most  frequently 
in  the  tirat  instance  from  Hapneraia,  geptieteima  or  jiyjemin, 
w}ien  these  dangers  have  hecoine  sliglit,  are  still   serious  fr 
the  irt-olonged  sujipuration  which  follows.     We  have  fully 
nionstnited  that  these  dangerH  are  all   avoidable   by   U 
tneasuret*  to  prevent  the  occurrence  of  fenneutation   in 
joints  (see  Chapter  XV I II.) 

Tliere  are  many  other  cases,  which  T  need  not  consider,: 
which  the  avoidance  of  j)rofiise  and  prolonged  siipjumition  ii 
mutter  of  the  greatest  im|X)rtance,  sometimes  even  of  life 
death.     I  sh.'ill  just  mention  one  example  more — acute  Otfl< 
myelitis.     In  this  disease,  if  the  jKitient  es*ca)>e8  the  primary  flat 
gers  from  infective  diseases  (see  deiinition  of  the  term  in  Chapt 
XVIL),  lie  is  certain  to  sutler  from  ]irotonged  and  very  profc 
tiuppm^ition,  on  account   of  the  death  of  the  bone  to  a 
or  leas  extent.     To  avoid  these  risks  amputation  it*  frequeal 
resorted  to,  but  recently   Mr.   Spence  Ikih  recommended 
excision  of  the  intiamed  Ixme,  and  has  had  some  good  re.su 
from  this  procedure.     Neither  of  these  operations  are,  howe\i 
m^cessiiry  if  the   case   be  treated  asepticallv-     It  is  gencrallj 
merely  re<|iiisile  to  oiien  the  abscess  freely,  with  the  necei 
iiseptie  precauliotis,  and  to  attend  to  free  drainage,  itnd  an 
conscfj  ueiRc  suppuration  ceases  at  once  or  is  very  slighf, 
sometimes  the  wound  heals  up  without  any  se|Kiration    of  d\ 
hone  whatever,  or  if  this  occurs  it  is  gencrnlly  merely  a  »up 
licial   exfoliation.     Mr,   Lister  has  had  several  excellent 
treateil  iu  this  way.     The  case  of  osteomyelitis  is  of  course 
no  means  so  typical  as  the  other  instances  wluch  I  have  mi 
tioned,  because,  as  we   have  seen,  micro-organisms  are  alwi 
present  iu  the  pus  of  the  aliscess  in  connection  with  the  boi 
but    nevertheless    its   coiu*se,    if  treated    aseptically,    is   oftj 
markedly  diiFerent    from   that  which   it   follows   when   IxeatI 
otherwise,  and  this,  and  the  fact  that  some  ciisee  do  better  tl 
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lers,  may  be  ex)>1ained  by  the  other  fact  previously  mentioned 
I.  256),  thiit  in  many  acute  abticesMen  the  inicro-organisinti  are 
probably  dead  when  the  pus  is  evacuated. 


Then  again,  if  we  consider  the  case  of  necemyiry  operations 
'on  w*'ak  or  diseased  iudividiuUs,  we  sbuH  find  that  the  aseptic 
method  more  than  any  other  has  dimiuinhed  their  risks,  and 
indeed,  with  regard  to  many,  alone  renders  their  ^^erfonuauce 
pt)ssihle.  The  gotid  health  of  the  patient  is  one  of  the  many 
conditions  nect'ssary  in  the  sort  of  treatment  which  we  have 
just  Jjeen  considering  under  the  head  of  cleanliness,  free  ventila- 
tion, Ac.  If  the  |Kit,ient  be  in  a  weak  Htate,  his  resisting  |Miwer 
to  (H'ptic  infiueuces  is  less,  and  the  protecting  layer  of  granula- 
tions is  less  \)otent  to  resist  tlie  entrance  into  the  system  of  the 
•terrible  substance'  in  contact  with  it.  Let  the  j>atifnt  be 
wejik,  and  he  can,  for  a  shorter  time,  endure  the  exliausfiiig 
liuppuration  which  may  follow  the  operation,  a  time  too  short,  it 
may  l>e,  to  [vermit  of  recovery  from  it.'  This  is  a  ]»oint  of  view 
from  which  the  subject  has  been  regarded  by  most  surgeons 
who  have  adoptetl  the  aseptic  method  thoroughly.  Thus  Mr, 
Wood,  at  the  meeting  of  the  Hritish  Medical  Association  at 
Oarnbridg<*  iu  187J>,*  said  of  the  aseptic  nu'th(Ml,  that  one  great 
reason  for  emplo^nng  the  Listerian  method  was  '  that  it  saved 
a  considemble  ]>erceutage  of  weakly  constitutions,  n])on  whom 
it  was  absolutely  necessary  to  ojiemte,  antl  who  would  die  unless 
for  its  precautions.'  Among  these  instances  may  be  mentioned 
cases  of  amputation  in  |>jitients  sutieriug  from  phthisis.  The 
dit^erenee  iif  (»|M'nion  wliich  exists  on  this  subject  is  of  course 
well  known,  and  many  surgeons  refuse  to  operate  where  marked 

'  OpcratioDS  nn  paiienu  suffering  from  albuminarU  seem  to  be  lesc 
dangrrixui  if  trent'^  iisf^ptically  tlian  a  woaml  in  whi>n  trcAlt-d  in  iither  ways. 
This  ia  easily  inieUinrihU',  for  whon  not  treated  risfpticiilly  there  is  frctjucntly 
absorption  nf  products  of  ferruentatiun  from  tbe  wounrj.  In  :i  houltby  person  ttiia 
may  not  he  nf  much  consoqucnoe,  the  i>oiBonoiis  materials  bcinj^prohahly  pit  rid 
of  in  preat  part  tiy  the  kidneys.  Where,  however,  the  kidneys  are  dimrasfed 
\W\n  uiHU'rial  may  nut  be  gi>t  rid  cf,  bnt  may  acuiimidulc*  in  tbu  blood  and 
pui^n  the  ptiiient,  or  muy  \wi  on  the  kiducyri  und  cauM.'  tbem  to  stop  work- 
ing  and  1<*ju1  to  the  puiiefit's  dciilh  fnuu  ura^uic  luiMuninj;.  Ii<jth  ihc^o 
dangers  are  avoidetl  if  the  caw.'  U  treated  ascptically,  for  iu  thai  case  VhiA 
material  \»  not  furmcd  in  tlje  wound. 

'  HHtUh  Afedical  JournaL  vol.  ii.  1&7'J. 
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phthiKi's  JH  presetit.     Of  course,  where  a  wound  in  not    tnM!< 
aj^*pticully,  iintl  whore  healing  does  not  r^ecur  by  first  intently 
siipiiunition  Uikes  jilace,  and  whore  the  jwitient    is  weak  iK 
reduces  him  still  further,  and,  if  the  wound  is  large,  may  oa| 
haston  his  <leath.     In  thew*  cases  also  tlu*  irritative  fever  whirh' 
occurs    ii*    particularly    dangerous.     Where,    however,    iinicn 
by  first   intention  occurs,  irritative  fever  and  suppuration 
absent,  and  the  removal  of  the  disease  is  a  relief  to  the  iiatieul 
As  the  aseptic  system  not  only  favours  union  by  iirst  intentio; 
but  also  prevents  the  occurrence  of  fever  and  suppuration  ti 
cases  where  union   by  first    intention   cannot  t^ke  phice,  ar 
putation  in  cases  of  phthisis  is  a  much  more  hojieful  procedi 
than  formerly.     Several  of  Mr.  Lister's  cases  have  been  rtrikini 
examples  of  this. 

And  fui-ther,  opemtiont*  can  now  be  jx^rfomied  which  mny^ 
be  necessary  for  the  recovery  of  the  i»atient,  but  which  wot 
have  been  almost  certainly  fatal  under  the  former  methods 
treatment,  and  which  were  therefore  considered  unjustiti;il)U 
This  nf  course   follows  from  the  facts  uarrateti   in  the  tliree 
preceding  chapters,   for  if  an   operation  such  as  the  incision 
ti  healtiiY  joint  may  Ik*  wifely  jterformed  foi-  the  removal  of 
inconvenience,  it  nmst  be  equiilly  safe  when  performed  for  tl 
removal  of  sometliing  whiclu  if  left,  wonld  imptTil  the  jxiticnti 
life.     I  may  quote  two  fact;*  from  Professor  Volkmaun'ti  s]>c< 
at  the  recent    International  Medical  Congress.'     *  For  a  h 
enchondronia  in   the  oortal  plenra  that  occujiied  the  left  wi 
of  the  thorax.   Professor   Fischer  removed  a  large  piece  of 
chest  wall  and  ribs,  so  that  the  heart  and  lungs  were 
and  an  openinjtras  large  as  n  elnld's  head  was  made,  and  vet 
j«itient  wa.«  able  to  be  discharged  from  the  hospital  after 
weeks,'     '  Ju   the  cane   of  a  large  echinococcus  of  the  livi 
which  in  front  and  at  the  side  Avat*  covered  with  thick  hivers 
liver  tissue,  and  which  projected  into  the  thomcic  cavity, 
resection  of  the   seventh   rib,  I  opened   the  heidthy   plei 
cavity,  which  was  free  from  adhesions.     The  thorax  was  fr 
nj>eued,  the  thinned  diaphnigni  cut   into,  the  echinococcus 
oj>ened,  the  animal  bladder  extmcted  in  toto,  and  the  patii 
recovered  without  comjilieation.     A  similar  operation  with  li 
results  was  conducted  hy  Mr.  Isniel  of  Berlin.'     On  this  ytoi 
•  See  Lanwt,  Aufnut  IH.  1881. 
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also  Mr.  ^Vood  sjiys: '  *  And  another  jioiiit  from  which  he '  (Mr. 
Wood)*  had  been  in  the  habit  of  considering  it' (the  aseptic 
8ygtein)'was  thin :  that  it  ext4'nuled  the  aim  and  Hcope  and 
value  to  the  eonununity  of  surgicjil  skill  in  cuKes  on  which  it 
would  be  too  risky  t^  ojxjnite  without  the  extreme  precautions 
which  antiseptic  surgery  atfoi-ds.  There  were  a  great  many 
operations  which  they  were  doing  at  the  present  time  which 
would  have  been  considered  wild,  and  which  were  now  by  many 
considered  unjustifiable,  otherwise  tlian  witli  their  improved 
mean^.' 


I 
I 
I 


There  are,  however,  a  great  many  other  points  which  have 
to  be  attended  to  in  the  trejitment  of  wounds  Iiesi<les  the  slaving 
of  life  ;  we  have  to  look  to  what  Sir  James  Paget  enlls  the  *  wlII- 
doing'  of  the  jKitient.  Now  as  the  aneptic  nietlKMl  allows  (he 
jM^rformance  of  oi>crations  which  would  otlien*ise  lie  eousidered 
unjustiiiable,  it  is  evident  that  it  must  in  many  cases  enable 
the  surgeon  to  render  the  |»atieiit  a  more  nneful  member  of 
society  than  be  would  otherwifee  be.  Take,  for  instance,  any 
interference  with  the  movement  of  joints  from  some  cause  (siiy 
the  presence  of  an  exostosis)  which  would  involve  the  opening 
of  a  great  articulation  in  its  rectiticjition  ;  here  the  aseptic 
method  |)ennitM  an  openttion  which  would  not  otherwise  be 
possible.  lx)ok  at  Mr.  Lister's  list  of  joint  cases,  and  see 
■whether  or  not  some  of  the  ^witients  liave  been  rendered  more 
useful  membt'rs  of  society  by  the  aseptic  inclluxh 

Take  the  sim]»le  operation  of  teuoUnny.  How  imiHissiblo 
it  was  till  the  sulx'utnnet»us  metluKl  was  intrcMlured;  but  Jis 
soon  as  a  method  was  fmnd  by  means  of  ^\ Inch  the  causes  of 
fermentation  were  excluded  from  the  wound,  these  ojierations 
became  frequent,  and  they  certainly  diuly  increase  the  use- 
fulness of  many  patients.  And  what  was  impiissible  in  this 
department  in  former  days  by  means  of  free  inciaion,  is  jxissibie 
now ;  and  if  for  any  reason  one  wishes  to  see  the  tendon  to  be 
divided,  it  may  be  exjwsed  ase])tically  without  fear  of  the  result. 
And  further,  in  cases  of  ruptured  tendons,  cases  so  apt  to  leave 
imjtfiired  power  behind,  one  may  cut  down  and  sew  the  ends  of 
the  tendon  together  with  catgut  and  in  this  way  get  perfect 
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union  ati<l  n  comple^<^  re!?t*>mtion  of  ^wwor.  ITiik 
donr  in  ii  number  of  caaes  vith  ]>orfect  8uc<*e8s,  and  I 
to  E-ichrnburg's  thesis,  publisboti  in  1877,  for  the  liisti 
thfsp  iitt^-uiiiis  and  tlieir  reHulth.  I  may  quote  two 
from  this  thesis  which  bIipw  a  striking  contmst  between  ti 
results  of  septic  and  aseptic  surgery.  The  first  is  taken  fine 
Ravoth,  who  say* :  *  Selbstverstiindiii'h  wird  man  die  Sohneniw 
venneiden^  wenn  keine  Flautwuude  gleiclizeitig  vorhanden  u 
(»ii  the  other  hand,  Kiister  writes  tis  follows  :  '  Es  ist  nun  eiu 
der  iluuptverdienbte  der  antit^e^jtischeij  Wundbehandlung  da 
sie  den  Kreis  unserer  opcrativen  Indicationen  wesentliG 
erweitert  hat,  dasti  nie  dem  Cliirurgen  mitruhigera  Oewissen  on 
ohne  die  mindeste  Besorgniss  an  eine  Anzahl  von  (>]>eratka| 
zu  gehen  erlaubt,  welche  Konst  entweder  gar  nicbt,  ode^| 
nnter  ganz  besonders  giinstigen  Bedingungen  unteruontflW 
wcrden  durfti'u.'  And  among  these  iipfratitms  an-  thna 
stitching  ruptured  tendons. 

This  is  only  one  example  of  the  numeroui*  appluatitm^ 
which  a  metJiod  C4in  be  put  which  renders  o]>eraticius  pnu-ticall 
fiubcutiineous.  Look  alno  at  all  the  operations  for  ununited  U 
badly  unit<'d  fractures,  and  for  defonnities  of  bone?,  operatic!) 
to  aid  the  reduction  of  dislocations,  more  especially  when  < 
old  fltandiug,  nidicjil  cure  of  hernia,  and  so  on.  Tliese  instaiMC 
are  sonumerouH  uud  vai'ied  that  I  cannot  detail  them  here,  bnl 
in  the  practice  of  the  operating  siirgeon,  cases  are  com 
occurring  in  which  the  advantages  giiined  by  means 
atieptic  method  are  of  the  greatest  ijni>ortance. 

While  the  scope  of  the  operating  surgeon  is  so 
increased  by  the  aseptic  method,  the  cause  of  conservotiv 
Burgerv  in  also  greatly  advanced,  I  have  at  p.  442  shewn  tki 
ill  ciises  of  disease  of  joints  a  cure  may  be  obtained  iu  a  laij 
projMDrtion  of  instances,  without  resorting  io  any  further  ij\ti 
rative  prot^edure  than  the  fret;  incision  of  the  diseased  articuk 
lions.  By  this  treatment  not  only  is  the  limb  retained  withm: 
any  shortening,  but  also  there  is  frequently  a  considembl 
amount  of  movement  in  the  articulation,  a  residt  of  thegrealei 
importimcr  to  the  (latient.  In  the  treatment  of 
fractures,  also,  there  is  much  less  necessity 
amputation,  either  primary  or  secondary^ 
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£)oint  which  can  be  treated  by  atati  sties,  but  my  own  experience 
— and  it  is  the  same  ua  that  of  utliers  who  have  prai'tised  careful 
asej^tio  treatment,  and  a  careful  perusal  uf  the  cases  in  Chapter 
XIX.  will  demonstrate  it — is,  that  the  necessity  for  tiu'se  mutila- 
tions is  very  much  less  than  when  other  methods  are  employed. 
A  limb  must  be  very  badly  injuretl  indeed  before  it  is  necessary 
to  perform  primary  amputation  ;  it  must  not  be  merely  that  a 
joint  is  openetl,  or  that  the  bone  is  extensively  comminuted  or 
the  soft  jKurts  badly  lacerated;  the  questions  really  are,  whether 
the  part,  beyond  will  retain  itj?  vitality,  whether  if  it  does  so  it 
will  be  useful,  and  whether  there  is  a  fair  probnbility  of  purify- 
ing the  wound.  If  the  last  is  probable  the  chance  of 
recovery  should  be  given,  and  if  afterwards  it  is  foimd  that 
piu-ification  is  not  successful,  and  if  otherwise  the  injury  is  one 
which,  without  aseptic  management,  would  demand  prim^u•y 
amputation,  the  operation  can  be  performed  in  two  or  three 
days  after  the  injury — as  soon,  in  fact,  as  it  becomes  evident 
that  aseptic  treatment  is  impossible.*  Again,  where  primary 
amputation  is  necessary  it  need  not  be  performed  above  the 
injured  parts,  hut,  with  the  view  of  getting  a  longer  limb, 
where  that  would  be  an  advantage,  bruised  and  even  lacerated 
parts  may  be  included  in  the  stump  ;  for  inflammation  will 
not  occur  in  the  flaps,  and  hence  the  sloughing  which  would 
otherwise  take  i»lace  is  avoided.  I  have  myself  seen  limbs 
amputated  in  the  ]>ractice  of  septic  or  semi-antisej)tic  surgeons 
which  I  know  could  have  been  easily  saved  by  aseptic  manage- 
ment ;  and  I  have,  on  the  other  hand,  known  the  surprise  of 
surgeons  when  amputation  has  been  performed  through  the 
bruised  parts  in  order  to  get  a  longer  stump  or  tx3  Have  an 
important  joint,  and  their  exi>ectiition  that  the  injiued  parts 

'  This  6t&t«incnt  maj  seem  oontrary  to  the  wclUknown  facts  OM  to  tlio 
dan^n  of  aocondaxy  amputations,  but  hero  the  case  i»  different ;  for  under 
ordiuajy  olrcamstances  the  qacstlon  of  Hecoadary  ampatation  dom  not  arise 
tUl  it  is  fonnd  tliat  there  ia  d:inger  to  the  ]>atient  if  coosonativu  trcutmcnt  is 
persisted  in.  Here,  however,  I  do  not  atlvitte  that  one  should  wail  till  the 
patient  is  in  a  dangerous  atate  ;  I  merely  say  that  attempts  may  be  made  to 
save  limbs  which  would  otherwise  be  certainly  amputated,  and  that  if  it  is 
loond  that  fermentation  )ia«  not  been  avoided,  then  the  liinbou^hl,  in  the 
majority  of  tbe»o  severe  c'ase**  to  be  amputated  as  0OOD  as  it  is  evident  that 
the  attempt  to  purify  the  wound  haa  failed,  without  waiting  for  the  appearanoe 
of  any  constitutional  symptoms. 
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would  aloiigh  *when  influinmution  came  on.'  But  fortunately 
inflammation  is  not  likely  to  come  on  if  the  wound  baa  been 
properly  treated. 

1  need  not  discuss  this  matter  further.  If  one  remembers 
that  an  incision,  8Up}}08Jiig  it  can  be  made  nseptically,  provided 
also  that  the  wound  is  kept  at  rent  and  otherwise  pniperly  treated, 
is  not  followed  by  any  local  reaction  nor  by  constitutional  dis- 
turbance, one  can  readily  realitte  how  many  little  oijerations 
of  convenience  may  be  j>erformed  with  benefit  and  increased 
UKefutnesft  to  the  piitient.  II  may  be  argued  against  such 
operationa  of  convenience  that  man  is  fallible,  and  that  a  failure 
of  the  method  mi^^ht  prove  a  serious  matter  to  the  jwitieut. 
This  is  to  a  oeilain  extent  true,  but  the  chances  of  failure  in 
experienced  hands  in  any  given  i-ase  are  very  Bumll  indeid. 
The  performance  of  such  oj)era1ion8  by  thonejust  learning  the 
method  caimot  be  too  much  dist'oura^ed.  It  is  too  mueh  the 
fashion  nowadays  to  In-gin  at^eptic  work  with  some  of  these 
daring  procedures,  such  as  oi>ening  joints;  but  such  in>erations, 
however  simple  they  a]*i>ettr,  ought  not  to  be  lightly  under- 
taken ;  indeed  they  ought,  not  to  be  atten)]tted  till  one  has  h;id 
extensive  experience  in  the  aseptic  treatment  of  wounds,  and 
more  eai>ecially  of  chronic  abscesses,' 

lCx])erience  is  needed  in  aseptic  work  just  i\a  in  every  other 
dejjartment  of  surgery.  Why  does  the  student  devot«  so  mnch 
of  his  time  to  learning  anatomy  and  to  acquiring  manual  dex- 
terity in  the  use  of  iho  knife?  Siniply  in  order  that  he  may 
be  able  to  ojK^rdte  with  safety  to  the  ^ititient.  Take  the  ojjeni- 
tion  of  ligature  of  an  artery  or  lithotomy  or  any  other  great 
o]>eration  in  surgery,  ^^^len  i>erfonned  by  an  ex]>erienced 
stu*geon  it  seems  very  simjile  and  easy  of  performance,  bnt  the 
young  operator  tinds  that  many  difficulties  have  to  be  over- 
come and  many  little  arts  acquir«Ml  In-forc  it  can  he  done 
in  the  same  way  as  by  the  experienced  surgeon.  One  would 
never  dream  of  allowing  a  man  who  had  never  handled  a  knife 

'  Surxcona  arc  loo  iipt,  even  without  liavir-y  liad  any  cjq-»erienc<'  of  i\\v 
RAfptic  method,  ut  oiiw  to  inlrortiirp  niotUricjitimis  wmcb  gcuerully  art.*  Ulojricjil 
Rml  hurtful.  Volkniann  (iMncrt,  Au^iwt  IS,  1H8I)  makea  the  foUoi*i«jr  true 
ruuiark  on  tht»  point  :  *  SJost  of  tlio  unfovouralilc  judgments.'  e ays  lie.  *  [«ss^ 
nn  this  method  are  due  tn  li>o  fact  tliat  Burgeons  who  have  not  yet  learnt  to 
experiment  iritk  it  hove  ulreutly  made  it  the  Kul^ect  of  their  es[%rim«Qt</ 
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before  to  commence  with  one  of  these  operations  on  the  living 
human  body.  It  is  just  the  same  with  aseptic  surgery.  For 
its  proper  practice  are  required  a  scientific  training,  and  more 
e8|)ecially,  a  training  in  exj>erimental  work  with  its  consequent 
acquirement  of  )>atience  and  dext'Crity,  Let  the  beginner  com- 
mence its  practice  in  simple  wounds  where  but  little  harm  will 
result  from  his  failures,  or,  better  still,  let  him  try  8omeexj>eri- 
rnent^  on  fluids  contained  in  flasks.  Then,  just  as  the  operator 
feels  his  way  to  more  serious  oper.it ions,  so  the  surgeon  ojjerat- 
ing  aseptically  extends  the  application  of  his  method  ;  and  just 
as  the  ejfperienced  operator  may  proceed  with  confidence  to 
oj>enitionH  which  in  the  hand  of  an  inexj>erienced  man  would 
be  very  douhtful  procetlures,  so  the  surgeon  practising  Listerisui 
may  with  coutidence  in  its  protection  perform  operations  which 
would  otherwise  l>e  unjustitiabie,  such  as  many  of  the  opera- 
tions of  convenience  of  which  we  have  been  speaking.  He  has 
tlien  chiefly  to  consider  whether  the  advantage  to  be  derived 
from  the  operation  is  worth  the  inconveniences  attending  its 
performance.  Of  course  if  one  lias  to  deal  wilh  a  large  num- 
ber of  cases  one  cannot  say  that  M  of  them  will  do  well :  in 
some  one  or  other  the  exjierinir^nf  may  fail.  Whore  there  is  a 
large  number  of  cases  or  a  coutinnous  run  of  successes  the  sur- 
geon may  become  less  parficnlar  than  in  any  special  case  which 
he  has  determined  to  keep  right,  and  an  accident  r.aight  occur. 
But  we  may  fairly  put  tin'  rnattfr  in  this  way:  given  any 
siinjle  case,  say  of  incision  into  a  joint,  the  surgeon  may  reckon 
with  certainty  that  in  thai  jmrticnlar  in^faiyrf.  no  harm  will 
result  from  the  opemtion.  When,  therefore,  the  surgeon  under- 
takes one  of  tliese  serious  operations  he  should  realise  the 
dangers  which  are  run  antl  the  means  r>f  avoiding  llifin»  and 
slioiild  devote  liis  most  <-ar('ful  altentioii  to  the  cuhc  in  ques- 
tion throughout  the  duration  of  the  treatment.  If  this  is  done 
it  is  right  \{\  un{ler(iik«'  .such  i>]M*nit!(nis  if  their  performance 
can  increase  the  usefulness  of  the  patient. 

1  have  sai<i  that  opemtions  ]jerformed  asoptieally,  where  the 
woimds  remain  aseptic  and  where  they  are  properly  treated 
otherwise,  are  not  followed  by  any  lociil^or  coTistitutional  dis- 
turbance, and  I  must  now  say  a  few  words  on  this  pc»int.     And 
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lirat  with  regard  t<>  the  local  progress  of  a  wound  treated 
ticnlly. 

Where   the   wound  is   treatetl   ascpticallv  by  the  met 
fornaerly  described  (where  the  drainage  is  efficient,  where 
stitches  are  not  too  tight,  and  where  tiiere  is  no  other  h 
cause  of  irritation,  such  aa  movement),  no  inflammation  occi 
there  is  no  swelling  nor  redness  of  the  edges,  as  is  so  frequent 
the   case  in  wounds  treated  otherwise.     The  skin  around  the 
wound  remains  as  [>ale  and  as  lax  as  it  was  when  stitched  up^| 
the  time  of  the  operation ;  there  is   no  evidence   of  rea<Ttio^P 
Thus  it  comes  that  such  wounds  are  quite  jiainless,  and  their 
edges  may  l>o   pressed  and   handled  without    occasioning 
patient  any  uneasiness.     Hence  even  aftt-r  the  most  ext«!n« 
operations  the  patient  remains  free  from  {Kvin  ;  indeed,  the  opei 
tion  being  performed  under  an  anaesthetic,  and  there  being 
inflammation  afterwards,  the  whole  treatment  from  beginning 
end  is  unattended  by  any  suffering.    Patients  constantly  expi 
tlieir  astonishment  that  the  pain  whiclitheyperhajw  mostdrej 
is  absent ;  and  this  astonishment  is  the  greater  if  the  {latif 
has   been   previously   opemtod   on  and  treated  by  the   older_ 
methods. 

Then,  as  the  result  of  this  absence  of  inflammation,  the 
is  linear  and  soon  becomes  hardly  ajjparent.     One  or  two  si 
geons  have  stated  that  the  scars  after  woimds  treated  aseptically 
were  conspicuous,  and  that  therefore  the  method  waaunstiital 
for  wounds  on  exposed  jMtrts.     Tliis  statement  must,  liowei 
rest  on  some  mistake — either  protective  lum  not  been 
some  other  error  has  been  committed  ;  for  my  own  experieiu 
whicli   is   now  very  extensive,  is,  that  an   inconspicuous 
linear  scar  is  one  of  the  most  striking  results  of  the  lr< 
ment. 

But  not  only  is  there  absence  of  inflammation  along  the 
edges  of  the  skin,  it  is  also  absent  from  the  deej>er  parts 
the  wound.  Tims  there  is  no  snppuratiou  even  where  the  d( 
striR-tures  are  not  absolutely  in  cnntart.  The  discliarge  fr 
thi'  dniinage  tube  is  purely  serous  and  rapidly  diminishi 
amount  so  as  to  remler  (lir  (hviin  imtifcessary  in  a  very  sh( 
time. 

The    imi»oriancc  of  tiiiy  absence  of  inflammation  in 


>lder 

I 


les 


PJHHmHESS  of   wounds  r heated  ASEPTIVALLi^    607 

deeper  parUi  of  the  wound  has  been  well  shewn  by  the  advan- 
tages gained  by  the  application  of  the  method  to  experiments 
on  the  lower  animnU.  Thin  is  perhaps  best  illustrnted  by  the 
exjX'riment.H  recently  j>erf(>rmed  by  Professiir  Gemld  Yeo  on 
the  brains  of  monkeys^ 

In  Dr.  Kerrier's  former  experiments  on  the  brains  of  mon- 
keys for  the  jnirpose  of  investigating  the  function  of  the 
various  putiti  of  the  brain,  no  attempt  was  made  to  keep  the 
animals  alivt-  after  the  operation,  because,  as  the  result  of  ex- 
|>erienoe,  encephalitis  was  looked  on  as  a  certain  consptpience. 
The  attempts  which  were  made  failed  owing  to  the  occurrence 
of  encephalitis,  witli  the  exception,  I  think,  of  one  animal 
which  lived  for  some  time.  It  was  therefore  deemed  useless  to 
att^empt  to  preserve  the  animals,  for  tlie  after  effects  of  the 
injury  done  at  the  time  of  the  oi>eration  were  so  complicated 
by  the  effects  of  the  inflammation  which  succeeded,  (hat  results 
of  any  value  could  only  be  obtained  from  observations  made  at 
the  time  of  the  opemtioii. 

Lately,  however  (1878-80),  Gerald  Yeo  has  performed 
a  number  of  these  operations  with  aseptic  precautions,  and  the 
results  were  extremely  striking,  and  yielded  very  definite  and 
valujible  information.  Twenty-sLx  operations  were  done.  In 
the  first  ease  great  difficulty  was  found  iu  retaining  the- 
drej*sings  in  jxtsition,  and  this  animal  fore  off  the  dressings. 
It  died  in  a  short  time  of  encephalitis,  and  was  the  only  one  out 
of  the  twenty-six  in  which  inflammation  occiurred.  Aftei^wards 
a  very  convenient  and  satisfactory  mode  of  (ixing  the  dressings 
was  deviiied,  and  this  accident  did  not  itappen  again.  In  the 
other  twenty-Hve  cases  no  inflammation  whatever  occurred,  as 
was  confirmed  on  post-mortem  examination  of  the  animals 
which  died  shortly  after  the  operation,  or  which  were  killed 
after  a  sufficient  length  of  time  had  ela])sed.  As  no  inflamma- 
tion occurrtHl,  the  syTuiifoms  which  wer4'  manifest  after  the 
operation  were  due  to  the  lesiou  causeil  at  the  time,  and  thus 
valuable  and  definite  facts  were  elicited.  The  gain  to  physio- 
logical observation  indicateil  by  these  experiments  cannot  be 
over-e>!timateil. 

Of   the    twenty-six   cases    operated    on    seven   died,   the 
remainder  surviving  the  opemtion  j>ernianeutly,  without  ever 
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presenting   any   symptoms   ejic<*pt  such   as  were  doe  to  the 
eerobrul  lesion.     Of  the  seven  deaths,  one — the  first  case,  in 
which  the  aninml  tore  off  his  dressings^ilied  of  eneephiditisj^y 
two  died  soon  after  the  operation,  one  Ixom  chloroform  and  one^| 
from  shock  ;  one  died  six  days  after  the  oj^eration  from  cerebral 
hemorrhage,  and  here  there  was    no  trace  of  inflammation; 
three  died  apparently  from  the  intense  cold  of  winter,  one  of 
these  surviving  the  operation  for  thirteen  days  without  a 
of  inflammation.     The  wounds  always  healed  by  first  iutentioOfj 
and  the  dressings  were  dispensed  with  in  about  a  week. 

As  a  result  of  this  absence  of  infiammation  in  the  deeper] 
[)arts  the  scar  does  not  become  adherent  but  remains  nio\-ahle« 
This  is  of  greatest  importance  after  lunjiutations  where  so  much  , 
inconvenience  is  often  caused  by  the  adhesion  of  the  scar  to  tfae^f 
divided  end  of  the  bone.  ^* 

This  absence  of  inflamination  is  also  well  seen  after  opening 
hursae  or  hydroceles.     Of  late  it  has  become  very  much  the^f 
fashion  in  Gemjany  to  treat  hydrocele  by  making  an  incision 
into   the  sac  aseptically,  stitching  the  tunica  vaginalis  to  the 
skin  by  means  of  catgut,  and  inserting  a  drainage  tube.     No! 
inflammation   follows  this   pr(x:edure ;  the  discharge    l>ecomei 
very  slight,  the  drainage  tube  is  removed  in  a  day  or  two,  the 
woitnd  heals,  and  the  hydrocele  is  cured.    (The  violent  infloiu 
niation  which  follows  incisions  into  hydroceleB  without  aseptic 
precautions  is    well   known.)     Similar  results  are  obtaimni  in 
cases  of  bursitis,  more  esjjecially  of  biirsitis  in  connection  with 
the    shealh.s  of  tendons.     Incisions  may  be  made  into  these, 
the   fluid  and  solid   niateml   evncuated^  nnd  a  drainage  tul»e 
inserted,  without  fear  of  bad  result,  and  with  ultimate  cuj* 
tlie  disejise  without  nny  adhesion  of  tendons  or  other  acciden 
which  couiniriiily  follow  such  attempts. 

In  cases  treated  aseptically  the  wound  heals  as  a  rule  mneh 
more  rupidly  than  when  it  is  treated  otherwise ;  for  where  the 
edges  can  be  lironght   into  contact,  healing  by  first   intentioa 
is  the  rule,  and  even  where  there  is  a  s]>ace  left,  this  becomes >] 
fillt^d  up  wnth   blood  chit  which  rapidly  undergoes  organi 
lion. 

The  organisation  of  tin   bkjod  clot  is  one  of  the  most  marV 
features   in  aseptic  treatment.     That   blood  clot   may  become 


I 


J 


OROAXISATIOX  OF  BLOOD   CLOT. 


500 


I 


I 


I 


organised  under  certain  circumstancef  is  no  new  fact  in  medi- 
cine or  surgery.  We  all  know  what  hapj^ens  in  subcutaneous 
injuries.  Blood  clot  and  lymph  are  thrown  out,  they  are  gradu- 
ally removed  by  absorjition,  or  their  place  ia  taken  to  some 
extent  by  new  tissue.  In  a  simple  fracture  blood  clot  and 
lymph  are  present  between  the  ends  of  the  fractured  bone. 
The  effused  material  gradually  disappears,  and  its  place  is  taken 
by  new  tissue  which  ultiniately  ossities.  So  after  tenotomy ; 
the  space  between  the  ends  of  the  divided  tendon  is  filled  up 
with  blood  clot  and  lymph,  and  these  become  organitied,  and 
thus  union  again  occurs,  I  need  not  bring  forward  other 
examples  to  show  that  blood  clot  in  the  living  body,  when 
protected  by  the  skin,  is  gradually  removed  and  its  place  taken 
by  new  tissue.  In  nn  oj>en  wound  not  treated  aseptically  the 
blood  clot  generally  putrefies,  and,  as  a  result,  breaks  down, 
liquefies, and  is  washed  away  with  the  discharges;  the  surface  of 
the  wound  granulates,  and  thus  healing  takes  place.  Where, 
however,  a  wound  is  aseptic,  and  where  it  is  protected  from 
other  sources  of  irritation,  such  as  the  action  of  the  antiseptic 
employed,  the  blood  clot  in  it  undergoes  the  same  changes  as 
it  would  under  the  skin,  for  the  aseptic  method  renders  wounds 
practically  subcutaneous.  Thus  it  does  not  break  down  but 
remains,  filling  up  the  wound  with  a  solid  brown  mass;  no 
granulations  are  seen,  nothing  but  this  brownish  solid  material. 
After  sonic  days,  if  this  clot  be  scratched,  it  will  be  found  to 
bleed,  iuiplying  that  new  vessels  Imve  been  formed  in  it,  and 
on  lift-ing  up  the  edge  of  the  clot  a  brond  margin  of  cicatrix 
will  often  l>e  found.  If  the  clot  is  left  undisturbetl  it  fre- 
quently hufipens  that  after  a  time  a  superiicial  layer  of 
toughish  brownish  material  (old  blood  clot)  may  be  peeled  off 
and  a  complete  scur  found  underuciUh,  In  some  cuses  organ- 
isation occurs  in  the  clot  up  to  the  level  of  the  skin,  and 
cicatrisation  8]>read8  for  some  distance  under  the  superficial 
unorganised  layer,  and  then  by-and-by  the  remaining  central 
portion  gnnuljites,  anil  we  have  a  small  fiui)erticial  granulating 
sore  which  rapidly  heals.  The  occurrence  of  granulation  may  in 
this  case,  I  think,  be  due  to  the  entrance  of  micrococci,  which  as 
we  have  seen  sometimes  occurs  at  a  late  period  of  the  case.  If 
there  ia  much  movement  of  the  wound,  or  if  no  protective 
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be  employed,  Hiis  organisatidn  nmy  aLso  1m;  imperfectly  or  not 
at  all  ob6er\ed.  The  orgauisation  of  blood  clot  has  been  de- 
moDstrated  by  several  writers,  and  therefore  I  nee<l  not  describ*? 
it  minutely.  The  proeej^s  etuttiDtially  consists  in  tlus;  youug 
cellB  (whether  whit^  blood  corpuscles  or  derived  from  the  con- 
nective tissue,  or  both,  i»  not  yet  determined)  pass  into  the 
blood  clot  and  gradually  form  fibrous  tissue  and  vesaelft,  which 
become  connected  with  already  existing  ones,  according  to 
the  various  well-known  methods  of  vascular  formation.  This 
process  gradually  extends  to  the  surface  till,  after  some  dayi^ 
us  I  have  said,  the  blood  clot  bleeds  when  scratched.  When 
organisation  has  sufficiently  advanced,  the  epidermis  s]ireadi 
from  the  edge.  The  original  blood  clot  takes  no  active  part 
whatever  in  this  process ;  it  forms  a  mould  in  which  the  younj 
cells  develois  antl  is  gradually  either  used  uj)  as  jwibulum  fur 
these  cells,  or  removed  by  absor}ition-  Here,  just  as  when  sub- 
cutaneous, the  original  blfM>d  clot  disappears,  aud  its  place  i« 
filled  by  youug  tissue  which  develoj)ed  (71  it  not  fnyin  it. 

Sloughs  are  served  in  the  sanie  way.  When  a  part  under 
the  skin  dies,  as  is  frequently  the  case  where  infarcts  occur, 
it  does  not  necessarily  separate,  it  is  gradually  removed  by 
absorption  aud  its  place  is  taken  by  new  tissue.  In  the  same 
way  a  slough  of  the  skin  if  kept  aseptic,  and  not  imbued  with 
ciirbolic  acid  or  otherwise  rendered  irritating,  does  not  separate 
but  goes  through  the  same  process  as  tlie  bhx>d  clot.  The 
ordinai7  process  of  separation  of  sloughs  is  the  occurrence  of 
inflaiiiination  at  the  line  of  junction  of  the  living  with  the 
dead  Hssup  owing  to  the  irritating  charartcr  of  the  latter. 
(The  slough  causes  inflamnuition  becau:^e  it  is  undergoing  de- 
composition, for  the  products  of  decomposition  are  irritating*) 
But  if  the  slough  is  not  chemically  irritating  it  doe*  uot 
cause  this  inflammation  ;  it  dues  not  irritate  the  livirtg  jait* 
around.  Then  the  young  cells  pass  into  it  as  into  the  blood 
dot,  and  the  whole  process  is  exactly  the  same.  Thus  ifi 
lacerated  wounds,  if  rendered  asejjtic  aud  kept  free  fmm  the 
irritation  of  the  antisejitic  employed,  suppuration  and  sloughing, 
do  not  occur;  the  raw  surfaces  and  the  interstices  between 
the  torn  pieces  of  tissue  become  Jilled  up  uitJi  hhxxl  dot,  the] 
process  of  organisation  just  described  goes  on,  and  the  whoU 
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or  the  greater  part  of  such  a  wound  may  heal  without  the 
occurrence  of  granulation,  suppuration,  or  sloughing.  A  sunilar 
procesb  has  been  observed  iu  desul  lx)ne  kept  aseptic  und  not 
Wae:  the  granulations  gradually  encroach  aj>on  it,  and  it  scK>n 
entirely  disappe^ars  by  absorption. 

The  same  process  occurs  in  catgut  introduced  into  a  wound, 
whether  for  the  purix.ise  of  ligaturing  vessels  or  as  a  drain. 
The  young  cells  gradually  infiltrate  the  catgut  from  without 
inwards,'  develop  into  fibrous  tissue,  remove  the  original  cat- 
gut, and  take  its  place,  Tlie  ordimiry  process  of  separation  of 
a  silk  or  heni]>en  ligature  is,  that  fennentation  occurs  in  the 
discharge  wliich  has  soaked  into  it;  the  ligature  thus  irrifatea 
the  walls  of  the  vessel  on  each  side  of  it ;  these  granulate,  and 
then  suppuration  takes  place  at  the  point  of  contact  of  the 
dead  part  included  in  the  loop  of  the  ligature  with  the  living 
tissue.     When    suppuration    has  occurrc<l    all    round  on  both 

ides  the  ligature  is  loose  and  may  be  pulled  away.  Secon- 
dary hemorrhage  results  when  the  portittu  t^f  the  vascular  wall 
wliich  has  undergone  degeneration  into  gnmulaliou  tissue  as  a 
nsequence  of  this  process  is  not  strong  enough  to  resist  the 

lood  pressure.  If,  however,  a  henijMm  ligature  he  ajiplied 
around  a  vessel  and  the  wound  be  kept  aseptic,  the  ligature 
remains  chemically  unirritating  and  may  never  sej»arat«  at  all. 
I  have  seen  tliis  well  illustrated  in  a  case  of  amputation  where 
the  surgeon  operated  asepticnlly,  but  tied  the  vessels  with  hem- 
pen ligature  and  left  the  ends  hanging  out;  the  ligatut-es 
would  not  separate  but  had  to  be  broken  short  inside  the  wound. 
If  now  catgut  be  employed  it  is  a  material  which  is  i"apidly 
removed  by  the  young  cells  which,  as  I  have  previously  said, 
intihrate  it,  and  its  place,  as  a  ring  round  the  vessel,  is  taken 
by  this  young  tissue,  which  rapidly  becomes  organised  and 
replaced  by  a  ring  of  newly  formed  fibrous  tissue.  Thus  where 
catgut  ligature  is  employed  there  is    no  ulceration  of  t!ie 


'  The  prcnt  advantage  of  the  new  catgnit  prepared  with  chromic  acid  is 
that  the  oells  tmve  ii  ^ruat  difliciilly  in  penetrating  it,  and  therefore  only  erode 
its  surface,  and  thus  a  alitoh  which  hii^  been  left  in  tho  wound  for  some  days, 
lliongh  narrowiT  where  it  lias  been  in  tlie  liftHuci,  is  MtiU  (irra  and  free  from 
Uuhu-  uitiliration.  With  ratgat  prefiared  hy  thi-  oldnr  niethiHl  cells  iiiHllrute 
in  a  few  days.  With  unpre^uired  catgut  the  cell  iDtiitration  and  the 
aorption  of  tho  thread  i^  a  very  rapid  process. 
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coats  of  the  vessel,  but  after  a  time  a  ring  of  newly  fonn< 
fibrous  tissue  will  be  found  in  the  eituaiion  of  tlie 
ring  of  catgut.     For  these  reasons  also  the  risk  of  second 
hemorrhage  is  reduced  to  a  minimum, 

Tlie  facts  with  rt'giml  to  the  organisation  of  the  catgut  liga- 
ture were  described  by  Mr.  Lister  in   his  first  publication  on 
the  subject  as  long  ago  as  1869,'  and  as  some  of  his  state- 
ments have  been  misunderstood  I  may  quote  what  be  says.    It 
has  been  supposed  by  some  that  he  held  that  the  dead  blood  cl 
and  that  the  dead  catgut  became  rev-ivified  in  the  tissues.     Su' 
an  idea  is  of  course  utterly  absurd  and  was  never  entertain 
nor  expressed  by  JMr.  Lister.     IndetKl,  he  stwaks  as  follows 
regards  the  blood  clot,  and  applies  his  remarks  to  catgut :  *Th 
the  dead,  but  nutritious  mass,  had  served  as  a  mould  for 
formation  of  new  tissue,  the  growing  elements  of  which 
replaced  the  materials  absorbed,  so  as  to  constitute  a  li 
solid  of  the  same  form.*     Mr.  List^jr  tied  the  carotid  art<>ry 
a  calf  111  two  plateH  with  a  ligature  of  catgut  (in  one  place  with 
two  ligatures),  and  a  month  later  he  killed  the  calf  and  ox 
amincd  the  jKtHs.     He  says  :  '  The  two  jncces  of  catgut  whici 
had  h«?(?n  tied  round  the  vessel  at  the  distal  part  had  becomi 
as  it  wert',  fused  together  into  a  single  fleshy  band,  insejwrabl 
bleuded  with  the  external  coat  of  the  artery.     The  knots  we 
nowhere   discoverable,   and    the   only   indication    of  the  cud 
whit'li  had  been  left  long  at  the  time  of  the  opemtion  wast 
pif'scncp  of  a  black  speck  '   (tlie    original  material   contain 
d:Lrk  minenil  impurities)  '  here  and  there  ujM>n  a  delicate  t 
of  cellular  tissue   in   connection  with  the  vessel.     The  curdi 
ligaturf  waH  tn  like  manner  continuous  in  striicture  with  tlie 
arterial  wall.     The  short  ends  had  disappeared;  but  the  m: 
sivc  knot   was   represented  by  a  soft  smootli    lump,  which  ai 
peared  at  tirnt  entirely  homogenous,  except  that  it  was  sjieckl 
with  dark  iiarticles  as  before  referred  to.     On  section,  liowever, 
I  discovered  in  the  interior  of  the  mass,  and  lying  close  to  t 
waU   of   tho  artery,  a   small   residual  jxirtion  of  the   origi 
knot,  of  comparatively  firm  consistence,  and  with  the  three 
twisted  chamcter  of  the  cord  plainly  visible.     It  was  quite 
tinct  fronj  the  living  tissue,  so  tliat  it  could  be  readily  pick 
'  Lanfft,  April  3,  1869. 
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ou!,  from  iU  bed  with  a  jMiir  of  needles.*  Here  aliuo^t  all  the 
original  catgut  had  been  removed,  but  it  luid  Herved  kb  a  mould 
for  the  development  of  new  tismue  which  had  taken  iis  place, 
and  which  rel-ained  the  form  of  tiu'  mould  in  wliich  it  had 
grown.  Mr.  Lister  described  the  microw-opical  appeai'anoes  as 
follows:  '  A  bit  of  the  residue  of  the  peritoneal  threiid,  having 
been  teazed  out  with  needles  in  a  drop  of  waler,  presented,  like 
a  fresh  piece  of  }>eritoneum,  the  wavy  bundles  of  parallel  fibres 
chanict eristic  of  |>erfectly  develojK^l  fibrous  tissue.  Adhering 
to  llie  surface  of  tbe  remnant  uf  the  ligature  was  some  soft 
ojKique  material,  re4idily  washed  off  with  water,  consisting  of 
corpuscles  of  different  forms,  most  of  them  eaudate  or  fihro- 
plasticy  but  some  spherical,  though  not  iet*einbling  tlmse  of 
piw;  and  here  and  there  fragment*  of  the  original  i>eritoneal 
tissue,  atTecled  more  or  less  with  interstitial  cel]-de\eh)piin'nt. 
At  a  short,  distance  from  the  remains  of  the  4ild  ihn^nd,  the 
fleshy  material  which  had  been  formed  at  its  expense  proved 
to  bv  a  most  beautiful  example  uf  fibro-plastiL'  structure,  the 
coarse  rtbres  which  mainly  constituted  it  being  c*>iii]Misi'd 
of  very  large  elongated  cells,  often  containing  several  nuclei, 
and  presenting  in  their  coui*se  hrauchiugs  and  thickenings  of 
various  forms.  Heru  and  there  were  some  fthres  more  per- 
fectly formed,  and  also  cells  of  a  more  rudimentary  character. 
Again,  the  kind  which  had  r(\-iulte<l  from  the  organisation  of 
the  two  tine  threads  of  catgut,  whith,  from  the  smalliiess  of 
their  bulk,  had  no  doubt  vanished  early,  having  had  longer 
time  to  jierfecl  its  structure,  was  a  comjKirdtively  well  deve- 
loped form  of  fibrous  tissue,  consisting  of  coarse  tibres  rather 
than  of  elongated  cells,  being  thus  intermediate  between  the 
mert'ly  fibro-plastic  material  of  more  recent  growth  and  the 
completed  texture  of  the  original  thread.' 

A  numl^er  of  writers  Lave  described  the  changes  which 
blood  clot  and  portions  of  dead  tissue  undergo  in  the  ])rocess  of 
organisation.  One  of  the  most  interesting  and  thorough  inves- 
tigations on  this  subject  has  been  made  by  Dr.  H.  Tillmanns  of 
Leipzig.*    Tillmanns  took  portions  of  the  liver,  kidney,  spleen, 


'  EiiJtrimenteUc-  und  unatomii«che  Untersucbungcn  ul»er  Wuiuien  dur  Leber 
d  Mierc.     Ein   Deitrug^  zur    Lehru  vim  der  autiaeptifivhua  Wuudheilung. 


irchow'e  Arthie.  13d.  78,  187U. 
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and  lungB  of  nibbitii,  and  hardened  diem  in  abMthile  aUtAiol 
for  one  to  three  weeks  or  longer.     Pieces  of  these  hardened 
deml  tifiuui't*  were   then  hitnHlnced   with   aseptic    pn^t-aulioM 
into  thf  j>t'ritoneiil  cavity  of  rabbit»  (in  each  cai»e  s^vend  i»i«H»« 
were  U8od);  after  dome  daye  the  animals  were  killed  and  the 
8tnte  of  riirtttern  investigated.     Twenty  animals   were  expeir- 
niented  on,  and  into  tlM»ir  fieritoneal  cavitius  about   M¥^  jim- 
tioBB  of  tissue  were  iutrodnced.    The  animals  <Hd  not  appoar 
the  worse  for  the  o]>enition  ;  the  temperature  remaine<l  ji(»rni:il, 
and  thoy  seemed  will.     Of  these  twenty  animals  only  two  vImI 
both  of  acut«  peritonitis:  in  one  case  an  error  was  commiti 
in  the  treatment,  the  stitrhes  were  removed  too  early,  and  tl 
infest inoH  protruded :  in  the  other  case  the  auimid  wajt  sttffel 
ing  before  the  operation  from  chronic  jH'ritoiiitis  which  aft* 
wants  became  acute.     \Mjen  the  animals  were  killefl  early,  il 
a  day  or  two  after  the  operation,  the  masses   of  tisstie  wei 
found  to  be  adherent  to  some  part  of  the  peritoneum,  and 
BonietimcK  two  pieces  of  tissue  were  attached  to  one  anotlici 
Where  fourteen  days  or  more  were  allowed  to  elujise,  (be 
tions  of  tissue  were  found  firmly  adherent  and  much  diminish* 
in  size,  cvidi^ntlv  undcrgoii»g  absorption  ;  in  some  [ilaccs  tlioi 
was  only  a  thick  layer  of  new  material  containing  a  pulpy 
in  its  interior.     In  one  animal  into  whose  abdominal  cavity 
whole  kidney  had   been  intrwlnced,  and  \\liich  was  alloweil  t< 
live  for  forty-seven  days,  the  ki<im*y  had  entirely  di8appean?ii j? 
the  only  thing  noticeable  was  that  at  one  part  of  the  omentum 
there  was  a  tbickinh  tough  sjwt,  where  probably  the  absorl 
kidney  had  been  attached.     On  investigating  tbe  process  mi( 
scopically  the  following  were  briefly  the  appearances  fbt 
After  twenty-four  hour?-  the  mass  of  tissue  is,  as  I  have  ju 
said,  adherent  to  the  j>critonenm  and  surrounded  by  a  layer 
soft  new  material — lymph.     Any  defects  which  existed  in  tl 
margin    of  the    specimen    are   filled   up  with  this  soft,   ma: 
This   new  material  when  examined  is  found  to  be  coin]M) 
of  countless  numbers  of  cells,  which  Tillmanna   holds  to 
white  blood  coqiusclcs.     If  two  pieces  of  dead  tissue  lie  cl( 
to  each  other,  they  become  adherent  to  each  other  by  means 
this  material.     If  these  tissues  are  examined  at  a  later  pent 
say  forty-eight  or  seventy-two  hours  after  their  introduction," 
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these  cells  are  found  to  have  inereased  in  number  and  to  be 
no  longer  confined  to  the  outHide  of  the  organ,  but  to  have 
l>enetrated  into  it  where  j)OBsible,  forming,  as  Tillinanns  puts  it, 
streets  and  pathways  of  cells  througli  the  tissue.  Thus,  for 
example,  in  the  ease  of  the  liver  these  cells  jtenetrate  in  the 
6rst  instance  along  the  streaks  of  connective  tissue  which  lie 
between  the  lobules,  entering  first  those  channels  which  are 
largest  but  gradually  s]>reading  along  the  smaller  ones.  At 
this  time  the  cells  have  already  bt^gun  to  develop  to  higher 
tissue,  and  not  merely  round  cells,  but  also  elongated  spindle- 
shaped  cells  undergoing  further  develoimient,  are  foimd.  Kig,  39, 
Plate  V,,  represents  this :  to  the  right  is  seen  the  old  liver  cells, 
and  to  the  left  the  new  cells  which  have  penetrated  along  the 
interlobular  connective  tissue ;  at  the  npjwr  jmrt  these  cells 
have  already  become  8pindle-8hai>ed.  This  process  gradually 
goes  on,  the  young  cells  penetrate  more  and  more  among  the 
dead  materials,  which  gradually  disappear  by  absori)tion,  their 
place  being  taken  by  this  young  tissue  which  has  come  from 
without.  This  tissue  rapidly  undergoes  further  development 
into  fibrous  tissue,  vessels,  &c.,  according  to  the  well-known 
processes  (see  ^g,  40,  Plate  V.).  The  contraction  of  this 
young  connective  tissue  and  the  further  changes  which  it 
undergoes  lead  to  the  disappeamnce  of  the  original  mass  and 
the  formation  of  a  cicatrix  at  its  site,  which  also,  as  time  goes 
on,  tends  to  dwindle  and  disiipj)ear. 

Thus  the  replacement  of  blood  clot,  sloughs,  and  other 
dead  tissues,  in  tlie  living  body  by  new  material — their  organ- 
isation, as  it  is  couunonly  called — is  no  longer  a  fact  resting  on 
clinical  experience  alone,  but  is  a  process  which  has  been  traced 
step  by  step  under  the  microscope.  What  at  first  sight  seems 
remarkable,  what  is  certainly  something  new,  is,  that  this 
process  occurs  in  an  0}ien  wound.  But  when  the  whole  facts 
are  carefully  considered,  it  will  be  seen  that  this  fact  is  only 
one  which  might  have  been  expected,  and  that  it  is  quit«  in 
accordance  with  well-known  facts  in  pithology. 

While  there  is  this  absence  of  local  disturbance  in  wounds 
treated  aseptically,  the  constitutional  stiite  of  the  patient  re- 
mains good ;  in  fact,  if  he  has  not  lost  much  blood  during  the 
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oj>eration,  or  if  the  ojx^nition  ha«  not  caused  shock,  he  isy  on 
recovery  from  the  efiecU  of  the  chlorofonn,  practicallj  as  well 
aa  before.     His  appetite   is  perfect,  and  I   may  saj  here  thafeH 
after  operations  pi'rformed  aseptically  there  is  no  reduction  0^| 
diet  even  for  a  few  days ;  an  hospital  i)ationt  remains  on  fiill 
diet,  and  a  private  patient  miiy  have  anything  he  fancies 
vided  it  is  wholesome,  and   the   more  nutritious   the  food 
better.     Indeed,  after  the  cj)ening  of  a  jisoas  abisecss,  or 
nn  operation  which  rids  ihe  |mtient  of  some  depressing  diseoM^I 
such  as  a   carious  joint,   the  iLpputite    which    was   pre\iout 
very  imperfect  returns  in  a  few  days,  and  hunger  becomes  ih( 
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Kid.  80.— TCHPEBATURB  CH&BT. 
Tempontan  chut  Crom  %  olw  tit  ICmoXwwi**  opantk)n  tor  iloublfl  gaua  rtlgum  {Qwam  to,  p.  < 

l^itient's  chief  trouble.  At  the  wime  time  there  is  no  fever,  asao; 
frequently  occurs  after  operations  treated  otherwise.  1  do  Dot] 
jjropose  to  discuss  here  the  subject  of  temperatiu^  after  oi)€ni- 
tions ;  to  do  so  would  rciiuin*  much  space,  and  oiu*  knowledge 
of  the  origin  and  reguLition  of  temperature  changes  in  tU( 
living  body  is  as  yet  so  imperfect  that  we  could  not  come  t< 
any  definite  conclusions.  I  shall  therefore  content  m^'self  with 
referring  to  the  following  facts.  ^J 

After  ini  ojieration  performed  aseptically,  and  in  which  theroH 
is   no  cause  of  elevation  of  temperature,  such  as  tension,  tin? 
t^rajierature  remains  normal ;  or  if  the  operation  has  been  at  all 
extensive,  the  following  changcH  arc  o!wer\'cd,  of  which  Cbi 
XXXVI.,  fig.   78   (Case  611,  ]).   488),  is  a  very  good  exainpl* 
In  this  case  bolh  femora  were  divided,  i.e.  a  com]v>und  fracti 
of  each  fenmr  was  made,  on   the  same  day:  ihe  tennjeralu 
])revious  to  the  operation  was  99"  F. :  on  tlie  evening  of  thi 
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(peration  it  had  fallen  to  96'8*:  on  the  following  morning  it 
|H;is  lOU-fi",  and  then  it  again  rapidly  fell  to  the  normal,  being 


the 


99•»^     Ab  a  rule  the 


after 


same  evemng  yy.'j',  ab  a  rme  uie  t«mperat 
operations  performed  aseptitrally  resembleH  this  example :  the 
temperature  is  below  the  nonnal  on  the  evening  of  the  opera- 
^- tiou,  it  then  risefi  to  or  above  100%  reaching  its  higheHt  [x>int 
^Bon  the  following  morning  or  evening,  and  then  rapidly  fails  to 
the  normal  line  again.  In  some  castes  before  reaching  the 
nonnal  it  Huctuates  for  a  day  or  two  between  99°  and  100°,  but 
this  fluctuation  is  not  within  the  range  of  fever  temperature 
but  within  the  normal  range.'  It  is  very  seldom  that  the 
pulse  rises  in  equal  proportion,  indeed  it  generally  remains 
normal. 

This  normal'  temperature  may  be  disturbed  for  various 
reasons,  but  especially  when  tension  and  retention  of  secretions 
occur.  The  elevation  of  temperature  which  follows  imperfect 
draioage  is  often  very  marked.  Among  the  cases  narrated  in  detail 
there  is  no  good  example  of  elevation  of  temperatiu'efroni  tension: 
I  may  therefore  quote  the  following  instance.  A  Utile  boy  had  an 
^btinreduced  dislocation  backwards  of  the  bones  of  tlie  forearm  of 
^  six  weeks' standing.  On  December  9,  1876,  Mr.  Lister  cut 
down  on  each  side  of  the  joint,  opened  it,  and  succeeded,  after 
detaching  the  muBcles  from  the  condyles  of  the  humerus,  in 
reducing  tlie  dislocation.  The  parts  were  very  tense  after 
reduction,  and  the  primary  risf  of  temf>erature  reached  101'^  on 
the  day  following  the  operation,  and  remained  at  that  level  for 
thirty-six  hours;  it  then  fell  rapidly  as  usual.  On  December 
14th  Mr.  Lister  n»oved  the  joint  for  the  first  time.  Tliat  even- 
ing there  was  profuse  hemorrhage,  which  cea3e<]  on  removing 
the  dressing.  A  fresh  dressing  was  applied,  but  the  hemor- 
rhage went  on  into  the  limb,  which  was  next  day  very  much 
swollen  and  distended  with  blood.  The  temperature  rose 
rapidly  and  continuously  till  it  reached  104'4°.  On  December 
16th  incisions  were  made  into  the  arm  to  evacuate  tlie  blood 

^V  '  It  has  been  pointed  out  by  Wnnderlich  that  after  disturbance  of  the 
temperature  the  cuive  uften  ^actuates  tot  a  day  ur  two  before  regaining  the 
Dormal. 

*  Mere  cle\-ation  of  temperatare  without  other  symptoma  cannot  be  called 
feTcT.  Fever  is  indicHtetl  by  a  coojbination  uf  eympToms.  and  an  elevated 
temperalore  is  only  one,  though  the  most  ifthking,  fcatore  of  the  febrile  etate 
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clutb;  on  the  following  day  the  temperature  began  to  fall,  ani 


Ein(i^ 
lla^ 


on  the  morning  of  the  iHth  was  100'8^.  After  some  o«ci 
tions  about  this  height  it  rapidly  fell  to  nonual.  Here  in  the 
first  instance,  coinciding  with  tension  of  the  j»arts  after  tl 
ojM?ration,  the  primary  rise  reached  101**,  and  did  not  fall 
once,  but  remained  for  some  hours  at  that  height.  Then 
fell ;  but  the  part^  became  greatly  dihteuded  with  bloo<i,  th( 
was  great  tension,  and  coincidently  with  this  the  tem|)eniti 
rose  rapidly  and  to  a  coiisiderabte  height,  and  ugaiu  fell  wliea 
the  tension  was  got  rid  of.  The  pulse  at  the  same  time  in- 
creased in  rapidity,  being  on  one  occasion  144. 
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TlO.  8L  — TKMPKUATLia.  l  1.u.M  a  IA.sI,  ul   LuMIOtNU  Kractiirk,  IN  WBIClf 
THEKE     WAH    UREAT    UIPFICULTY    IN    aETAININS    THE    FKAUMKNTS  IS 

POSITION  (Case  a7,  i».  -172). 

Why  it  id  that  the  accumulation  of  discharges  and  the  coihj 
secpieut  tension  slioutd  be  accompanied  by  rise  of  temperaturCi 
often  very  rapid  and  high,  is  a  very  debateable  question,  an( 
one  whicli  can  hanlly  as  yet  receive  an  answer.     At  first  tlw 
impression  was,  that  this  rise  of  temperature  was  due  simplj 
to  the  effect*  of  the  tension  on   the  nervous  system ;  that  it 
was,  in  fact,  a  nervous  phenomenon*     There  can  be  no  doul 
that  several  instances   of  elevntion  of  tempemture  in  ehildi 
and  hysterical  women  after  ojjeration  are  in  some  way  or  oth< 
reflex  phenomena.     Thus  in  a  child   the  presence  of  a  tigl 
stitch  may  be  accompanied  by  a  rise  of  temperature,  whit 
subsides  as  soon  as  the  offending  cause  is  removed.    ProboWy 
this  iH  the  reason  for  the  rise  of  temperature  in  Case  27,  p.  47J 
(see  fig.  79).     In  this  case  great  difficulty  was  experienced 
keeping  the  u[)i>er  frjigment  in  ix)sition  and  there  was  therefoi 
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constant  disturbance  of  the  parts.  At  the  same  time,  it  mnst 
be  observed  that  the  inilse  mte  had  rot  increased  in  rapidity 
in  proportion,  and  the  patient  did  not  feel  out  of  sorts ;  with 
the  exception  of  the  elevated  teinymrature  there  was  no  other 
symptom  of  fever.  Hore  there  was  no  fermentation  in  the 
wound  and  no  retention  of  ditiohar^es,  and  therefore  it  aeems 
probable  that  it  was  a  nervoQs  phenomenon.  On  tbe  other 
hand,  there  are  cases  in  which  there  may  l)e  great  tension, 
as  after  subcutaneouH  bruises,  or  local  disturbance  of  the  parte 
as  in  some  forma  of  joint  disease,  without  an  elevation  of 
temperature  at  all  corresi>onding  to  that  which  occurs  when 
the  discharges  of  wounds  are  retained.  And  also,  the  weight 
of  evidence  derived  from  experiments  on  animals  seems  to  go 
against  the  view,  tliat  mere  disturbance  of  the  nerves  of  a 
part  is  a  frequent  or  probable  cause  of  the  marked  elevation  of 
temperature  wjiieh  sometimes  occurs  in  cases  where  there  is 
retention  of  discharge,  Indetn:!,  acconling  to  Wiuiderlich,'  the 
application  of  external  irritants  has  the  etlect  of  lowering  the 
general  temperature  rather  than  of  raising  it,  and  the  same 
author  states  that  Keidenluuu  has  found  that  irritation  of 
sensory  nerves  constantly  and  suddenly  lowers  the  temperature, 
except  after  division  of  the  medulla  oblongata  from  the  spinal 
cord  or  when  fever  is  present-  On  the  other  hand,  it  has  been 
demonstrated  that  the  products  of  iuflammation  0^'*^  serum  of 
pus,  Ac),  when  intnxluced  into  a  healthy  animal,  cause  a  rapid 
rise  of  tvmpemturc,  which  s<K»n  passes  off  if  no  further  injections 
are  madf,'  It  is  thus  quite  ptissible,  tliat  when  discharges  are 
retained  by  the  blocking  of  a  drainage  tube  or  for  any  other 
reason,  the  fever  which  follows  is  due,  at  least  in  part,  to  absorp- 
tion into  the  circulation  of  the  retained  materials.  (In  most 
s  of  elevation  of  temperatiu-e   from   tension  the  pulse  is 

'   On  Temperature  in  lH*f'04e. 

'  That  tbe  pro«iucl*i  of  iiiflamm&tion  s^oulfl  cawie  fever  U  not  sarpHsing. 
For,  in  intlaoimation,  nol  only  do  liquor  Min^ainus  and  corpuscles  pass  out  of 
th«  blood -vessebi,  bnt  the  lUsne  colls,  which  are  oonAtantly  tAkin^  material 
from  tbe  blood  and  altering  its  constitution— in  fact  acting  as  ferment«  — are, 
I  think  tbtre  can  l«  no  doubt,  stimulated  to  increased  activity ;  their  fuao- 
tion  is  also  probably  perverted,  and  the  cbangea  which  they  produce  in  the 
nutritive  materials  with  which  they  are.  supplied  may  be  different  fmm  those 
which  oocor  in  health,  and  may  lend  to  the  formation  of  substances  which, 

K  when  ftbeorbed  into  the  drcolatiou,  caube  fever. 
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correspondingly  quick,  and  the  patient  feels  ill — in  fact,  he 
has  fevex.  On  the  contrary,  where  it  is  a  merely  nervous 
phenomenon,  I  think,  though  perhaps  I  may  be  hastj'  in  this 
concluHion,  Ihat  the  pulse  docs  not  increase  iu  rapidity  to  a 
corresponding  degree.)  This  is,  to  my  mind,  the  most  pro- 
bal>le  explanation  of  the  high  temperature  which  occurs  after 
ovariotomy  in  Mr.  Thornton's  practice.'  Mr,  Thornton  does  not 
dniin  the  peritoneal  cavity,  but  stitches  it  closely  up.  Tho 
oonsequence  is,  that  the  fluid  effused  from  the  divided  jwdicle 
or  fjoni  other  injured  parts  is  absorbed  by  the  peritoneum,  and 
althougli  Mr.  Thornton's  wounds  are  aseptic,  yet  he  has  fever 
in  many  cases.  This  fever,  however,  is  not  fatal,  for  as  the 
pedicle  heals  the  discharge  diminishes  and  the  temperature 
falls.  Here  tension  cannot  be  at  work  j  and  further,  surgeons 
who  drain  the  peritoneal  cavity,  and  who  at  the  same  time  treat 
"their  csa^i^s  tlioronghly  aseptically,  do  not  meet  with  this  high 
temperature.  Winch  of  these  two  is  the  cause  of  the  elevated 
temperature  in  tension,  or  whether  both  may  not  play  a  party 
are  questions  which  cannot  as  yet  be  definitively  settled. 

Though  tension  is  the  most  imp*)rtant  cause  of  elevation  of 
temperature  in  aseptic  cases,  there  are  other  minor  causes,  such 
as  retention  of  ffeces,  the  oecurronce  of  menstruation,  &c. 

What  the  meaning  of  the  transitory  rise  of  temi>enit lu-e  after 
aseptic  operations  is,  it  would  be  difficult  to  say.  In  some  cases 
no  doubt,  where  mucli  blood  has  been  lost,  it  is  merely  the  rise 
which  normally  occurs  in  these  circumstances.  It  seems  to  be 
established  in  the  case  of  the  lower  animals,  that  after  blood- 
letting, though  the  temperature  may  fall  in  the  first  instance, 
it  generally  rises  to  a  considerably  higher  level  than  that  at 
which  it  stood  before  the  blood  was  taken.  Similar  facts  have 
been  observed  after  blood-letting  in  man.  This  rise  of  tempera- 
ture after  loss  of  blood  is  probably  the  explanation  of  the  curve 
in  Case  16,  p.  430  (see  fig.  80).  Here  the  ankle  joint  of  a 
haemophilious  child  was  opened  and  hemorrhage  occiured  from 
the  cut  surface  on  various  occasions  diiiiug  the  following  three 
days ;  there  was  no  fermentation  of  the  discharge  and  no 
tension.  Nevertheless  loss  of  blofnl  cannot  always  be  the 
cause^   for  what   we   may  call  tho   'aseptic   curve'  occurs  in 
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cases  where  Uttle  or  no  blood  is  lost.  In  Jiseptic  cases  it  is 
probably  a  nen'ous  phenomenon,  more  eapt^oially  us  the  pulse 
rate  in  no  way  corresponds.  I  cannot  discuss  this  matter 
further,  as  much  space  would  bo  rtn^ulrt'd,  and  we  do  not  yet 
know  enough  about  the  origin  ami  regulation  of  tlie  tempera- 
ture of  the  body.  One  fact  is,  however,  apparent,  that  besides 
the  ordinarily  recognised  elevations  of  tennMiratiu-o  after  opera- 
tions ih^re  is  a  transitory  elevation  which  occurs  soon  afttr  the 
opemtUm  aiid  as  an  immediate  result  of  it,  anti  which  can  be 
readily  recognised  when  all  other  disturbing  causes  are  excluded, 
I  have  not  met  with  any  instance  of  the  high  teniperat\ire 
which  Volkmann  has  after  a  large  proix>rtion  of  his  operaHons, 
and  which  he  has  termed  'aseptic  fever,' and  I  do  not  under- 
stand it  at  all. 


Fm.  82.— Temperature  Chart  prom  a  Carf.  whkre  the  Ankle  .Ioiwt 
was  incised  in  a  h^mophjmors  patient,  and  wheitf  mrmorrhaob 
rkcureed  sbvekal  times  (Gash  I5»  p.  130). 

If  one  compares  the  temperature  in  cases  which  are  treated 
aseptically  with  that  of  thnne  which  are  not,  the  contrast  will 
he  found  to  be  very  marked.  I  do  not  of  courst*  by  any 
means  intend  to  say,  that  the  temperature  is  always  high  after 
operations  whicli  are  not  trcateii  ascptically ;  far  from  it. 
Many  wounds  not  treated  aseptically  heal  by  (irst  intention,  and 
in  tliese  there  is,  of  course,  no  elevation  of  t-emfjerature  or  merely 
the  *  aseptic  curve.'  Further,  in  many  wounds  in  which  fer- 
mentation of  the  dischargt'9  occurs  the  disohargc  is  drained 
I  off  and  but  little  can  be  absorbed  ;  and  in  other  cases  th« 
wounds  are  small,  or  the  conditions  for  absorjilion  are  not 
favourable.  In  these  instances  tJicre  will  often  be  no  marked 
elevation  of  temperature.     Kut  in   a  great  number  of  severe 
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pound  fractures.  CoiitraKt  the  temperatures  in  the  cases  of 
compound  fracture.  In  eight  cases  of  compound  fracture  pro- 
duced, accidentally  putrefiiction  occurred.  In  four  of  these 
(Cases  14,  17,  20,  29)  it  is  stated  that  the  temperature  ranged 
for  several  days  after  the  injury  between  100"  and  103**  or  even 
higher.  In  one  case  (No,  4),  though  there  is  no  statement  as 
tx)  the  temj>erat,ure,  tliere  can  be  no  doubt,  from  the  description 
of  the  case,  that  it  was  high.  The  temperature  charts  of  three 
cases  are  given  here,  and  in  two  of  them  (Cases  12,  2H)  it. 
will  be  seen  that  traumatic  fever  was  present,  while  in  only  one 
(No.  40)  was  there  a  normal  temj^erature.  In  one  case  (No. 
58),  in  which  putrefaction  occurred  after  oj)eration,  amputa- 
tion was  perfonned  chiefly  because,  the  temperature  was  rising 
rapidly ;  and  in  another,  of  which  the  chart  is  given  (Case  68, 
Chart  35),  there  is  little  douht  but  thiit  some  form  of  organism 
got  in,  and  here  alsowe  haveahigli  tempeniture.  Contrast  these 
with  the  highest  temperatures  in  cases  of  comjxvund  fracture 
produced  by  the  surgeon  and  treated  asepticully.  The  differ- 
ence is  80  marked  that  I  nee<i  not  dwell  on  it.^ 

If  we  contrast  the  local  and  const itutioual  coarse  of  wounds 
which  are  not  kept  aseptic  with  the  foregoing  description  of 
aseptic  wounds,  we  see  a  very  marked  difference. 

Look  at  the  cases  treated  witJi  antiseptics  but  not  aseptically 
in  the  foregoing  tallies.  In  one  case  of  wound  of  joint  (No.  3) 
putrefaction  was  not  avoided,  and  the  case  therefore  became, 
as  1  have  previously  pointed  out,  one  treatefl  with  antiseptics 
but  rot  aseptically.  Here  fever  and  inflammation  set  in,  and 
threatened  to  be  so  serious  in  tiieir  results  that  it  was  considt^red 
advisable  to  amputate.  In  one  case  of  oj»eration  on  a  healthy 
joint  (No.  22)  the  wound  was  not  kept  aseptic,  and  thus  the 
case  became  one  treated  with  antiseptics  but  not  aseptically. 
(It  was  dressed  throughout  witfi  the  oniinnry  gauze  dressing, 

*  Wilh  w^rd  lo  the  temperatnre  oharta  published  in  this  work,  I  wiah  lo 
state  that  they  liave  not  been  in  any  way  pelcctiid  ;  1  publish  all  the  tempera- 
ture charts  which  I  have  been  able  to  oblain.  Till  1H77  t^mperainre  charts 
were  not  in  iiflft  in  Mr.  leister's  ward*;  Ihe  t«mpfimtnre«  were  noted  ana  card, 
and  it  was  jicldom  that  the  clerk  look,  the  trouible  lo  copy  them  into  the  books, 
unless,  indeed,  the  case  was  a  furious  one,  and  llie  temperature  high,  Heuce 
the  average  of  the  temperatures  in  the  charUf  i»  probably  higher  than  it  ought 
to  be. 
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simply  as  the  result  of  the  swelling  of  the  flaps,  combined  in 
one  or  two  instances  with  injury  to  them.  Kronlein  also  states 
tliat  necrosis  of  the  end  of  the  divided  bone  occurred  very  fre- 
quently— in  19  out  of  the  58  cases,  i.e.  in  32"7  per  cent.  This 
happens  less  often  in  the  cases  where  the  edges  of  the  wound 
are  brought  together,  but  Kronlein  tries  to  make  out  that  this 
is  chiefly  because  many  of  the  ])atients  in  whom  it  would  have 
occurred  die  before  it  has  time  to  take  place.  This  explanation 
is,  however,  to  a  great  extent,  incorrect ;  for  the  true  expla- 
nation of  the  absence  of  necrosis  in  many  cases  where  ])rimary 
union  is  aimed  at  is  that  primary  union  has  ot^curred  over  the 
bone,  and  hence  the  acute  suiJiiunitive  iiirtaiiiitiaHon  of  the 
bone  due  to  the  contact  of  irritating  materialH,  which  results  in 
acute  necrosis,  does  not  take  place.  The  aseptic  method,  by 
preventing  this  inflammation,  renders  it  a  matter  of  indiflerence, 
from  this  ]>oint  of  view  (the  chance  of  iiecronis),  whether 
primary  union  occurs  or  not. 

Further,  in  cases  treated  by  the  open  method  there  is 
generally  more  or  less  fever,  showing  that  aV)sori>tion  is  occurring 
from  the  wound  in  spit**  of  tlie  free  t'HWipe  of  discliarge,  or 
indicating  the  presence  of  inflammation  in  the  wound.  Kron- 
lein does  not  enter  into  detiiils  on  tliis  subject,  but  he  mentions 
tile  fiict,  that  in  only  six,  or  8*7  per  cent,,  of  the  amputation 
wounds  treated  (67  in  number)  w*a8  there  no  rise  of  temperature  ; 
the  temperature  in  these  six  cases  hardly  ever  went  above 
100°  F.  TltiH  small  pro|Hirtion  of  cases  in  which  there  was  no 
fever  contrasts  markedly  with  the  results  after  aseptic  operations, 

Tlip  oj»eu  methtx!  alwo  |K>ssrKses  other  disadvantages  which 
make  the  cuutnifit  with  the  results  of  the  aseptic  method  still 
more  marketl.  Thus  there  is  a  constant  tendency  to  the  for- 
mation of  crusts,  which  are  apt  to  lead  to  retention  of  fluids  and 
their  fermentation  heiieath  the  crust;  thus  the  wound  loses 
the  afivantages  of  the  open  methoti.  Other  disadvantages  have 
been  previously  alluded  to. 

The  local  results  of  treatment  by  irrigation  and  the  water- 
bath  are  also  not  so  good  as  those  after  aseptic  treatment,  and 
these  methods  possess  several  flisadvantages.  These  disad- 
vantages have  been  previously  mentioned,  and  I  need  now  only 
allude  to  one  or  two.     Thus  the  water  is  apt  to  run  into  the 
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bed  and  wet  the  patient ;  in  order  to  avoid  this,  in  the 
more  efipecially  of  local  Iwths,  the  apparatus  must  be  so  tii 
fixed  to  the  limb  that  swelliug  is  apt  to  occur.  Further,  the 
maceration  of  the  epidermis  and  the  sodden  state  of  the  granu- 
lations are  great  incouveuieuces.  Also  where  the  water  used  is 
cold  or  where  ice  is  too  long  applied  there  is  great  danger  of 
gangrene  in  weak  parts.  Then,  in  the  case  of  the  water  bath 
more  especially,  where  the  wound  is  deep  the  swelling  of  the 
granulations  from  imbibition  of  water  is  apt  to  block  up  the 
orifice  and  confine  the  discharge ;  and  also  pus  coagulates 
in  contact  with  the  water  and  frequently  forms  a  thick  layer 
over  the  wound. 

I  need  not  dwell  further  on  tlie  points  in  which  the  other 
forms  of  antiseptic  surgery  are  inferior  to  the  aseptic  method. 
Many  of  them  are  self-evident  and  have  been  already  alluded 
to.  The  results,  both  local  and  general,  of  all  methods  which 
flo  not  bring  about  an  aseptic  state  of  the  wound  are  uncertain, 
and  the  results  of  these  cases  being  uncertain  the  surgeon  mast 
always  have  a  feeling  of  anxiety  correftfK)nding  in  degree  to  the 
severity  of  the  operation  and  the  interest  which  he  takes  in  his 
patient* 

I  have  previously  said>  that  on  account  of  the  various  bene- 
fits which  are  obtainable  by  the  use  of  the  aseptic  method^ 
it  ought  to  be  employed  wherever  possible,  unless,  indeed, 
special  drawbacks  attend  its  use.  Several  disadvantages, 
to  which  I  must  now  allude,  have  been  attributed  \o  this 
method. 

Firstly,  it  is  said  that  there  is  a  risk  of  carbolic  acid  poison- 
ing. This,  however,  is  not  an  objection  against  the  method ; 
it  is  an  objection  against  the  ontiseptic  employed,  and  is 
equally  valid  when  a  wound  is  treated  with  carbolic  acid,  though 
not  aseptically.  Indeed,  the  risk  of  carMic  acid  poisoning  is 
greater  where  w^ounds  are  not  treated  aseptically,  for  it  is  then 
employed  iu  largequantities  to  wash  out  the  wound.  Where  the 
aseptic  mpthwl  is  ciirried  out  as  formerly  described,  the  wound 
not  boing  delu^'od  with  carbolic  acid  cither  at  the  time  of  the 
ojjeratiou  or  by  injecting  it  afterwards,  the  risk  of  jKiisouiug  is 
very  slight.     The  occurrence  of  dark  coloured  urine  due  to 


I 


CAJtBOUC  AVID  poisoyjya. 


689 


^ 
^ 


^ 


absorption  of  carbolic  acid  is  not  vrry  rare,  but  tliia  is  not 
poisoning.  Unless  a  remedy  is  taken  in  such  quantities  that 
the  j)ntient*8  health  or  life  are  jeopardieod  by  it,  we  do  not  say 
that  the  patient  has  been  poisoned.  In  the  same  way,  unless 
the  absorption  of  carbolic  acid  has  been  so  great  as  to  produce 
0erious  symptoms,  we  have  no  right  to  say  that  the  patient  is 
suffering  from  carbolic  acid  poisoning. 

The  subject  of  carbolic  acid  poisoning  has  been  worked 
out  by  Kuster,  and  Nussbaum,'  wlio  has  bad  some  experience 
of  it,  has  written  a  very  interesting  chapter  on  the  subject. 
Acconling  to  them,  carbolic  acid  kills  by  causing  paralysis  of 
the  respiratory  centre.  The  heart  continues  to  beat  even  after 
the  respiration  is  arrested,  and  the  temperature  aim  falls.  In 
severe  cases  all  the  symptoms  of  collapse  are  present,  low  tem- 
perature, 'at  first  superficial  and  stertorous  respiration,  later 
great  jwillor  and,  finally,  sudden  death  by  arrest  of  respiration.' 
In  less  severe  cases  the  following  are  tlie  symptoms  according 
to  >fuBsbaum: — 'They  present  at  first  gastric  symptoms,  which 
must'  really  be  looked  on  as  cerebral  symptoms.  These  are  loss 
of  apjietite,  frequent  nausea  or  incessant  vomiting ;  there  is 
also  an  increase,  often  enormous,  in  the  secretion  of  saliva, 
which  is  very  frothy.  The  urine  diminishes  in  quantity; 
indeed,  it  has  been  said  that  it  sometimes  contains  albumen, 
but  I  have  never  observed  this.'  There  may  also  be  dysphagia, 
immobility  of  the  pupil,  and  the  patient  may  liave  a  certain 
feeling  of  oppression  or  anxiety.  The  patients  often  lie  abso- 
lutely tranquil  in  their  bed,  as  if  they  were  prohibited  from 
moving,  and  they  have  difficulty  in  spitting  out  the  saliva 
secreted.  Fever  is  never  absent  till,  in  serious  rases,  the  tem- 
perature falls  just  before  collapse  seta  in,'  In  addition  to  these 
symptoms  the  urine  on  standing  acquires  a  dark  olive  green 
colour,  though  it  may  have  been  of  normal  appearance  when  it 
was  jmssed.     This  is  due  to  the  presence  of  imlican. 

The  alleged  presence  of  fever  in  cases  of  suppK>Rcd  carbolic 
acid  poisoning  is  a  very  puzzling  circumstance ;  for  the  evi- 
dence derived  from  experimenta  on  the  lower  animals  does  not, 

*  /.Ht/Hdtn  zur  antUfptisch^ft  Wun4hi'h4indiun{f.  1881. 
'  Dr.    Keith  Btated,  at  the  recent  meeting  of  the  iDteniatioDal  Medical 
CoDgresfl,  that  the  uriDe  in  some  of  bis  caees  cuntaiiied  albumen. 
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BO  far  as  I  am  aware,  lead  to  the  conclusion  that  fever  is  one  of 
the  reauUs  of  poisoning  with  carbolic  acid  ;  on  the  contrary, 
it  seems  to  be  followed  by  depression  of  temperature.  Under 
the  impression  that  fever  was  one  of  the  symptoms  of  carbolic 
acid  poisoning,  and  wishing  to  produce  fever  in  rabbits,  I  at 
one  time  injected  carbolic  acid  subcutaneously  at  frequent  in- 
tervals into  a  series  of  rabbits,  but  without  obtaining  the  wished- 
for  results  So  satisfied  have  some  physicians  become  of  the  |x>wer 
of  lowering  temi»eratu.re  j»ossessed  by  carbolic  acid  that  it  has 
been  employed  as  an  antipyretic  in  place  of  salioyhite  of  soda. 
These  facts  throw  grave  doubt  on  the  view  that  elevation  of 
temperature  is  a  symptom  of  carbolic  acid  ^K>isoning,  and  lead 
us  to  question  whether  many  of  the  alleged  aises  of  carbolic  acid 
poisoning  are  so  in  reality. 

Many  of  the  cases  which  have  been  published  as  ciises  of 
carbolic  acid  poisoning  are  undoubtedly  instances  of  septicaemia 
occurring  in  jmtients  who  have  been  treate<l  with  spray,  gauze, 
and  carl>olic  acid,  but  not  by  the  Listerian  method,  i,c- 
aseptically.  In  tliese  cases  there  is  a  high  temj>erature,  and  it 
is  said  that  airbolic  acid  has  Lieen  found  in  the  urine.  The 
temperature  is  often  distinctly  septicemic  in  character,  while 
the  prenence  of  carlK)Hc  acid  in  the  urine  does  not  prove  that 
these  are  cases  of  carbolic  acid  jwisoning.  On  the  contrary, 
Brieger,'  who  has  investigated  the  subject  of  the  fonnation  and 
excretion  of  carlxdic  acid  in  the  living  body,  states  tluit  carbolic 
acid  is  constantly  preeent  in  the  urine  of  septicaemic  patients, 
often  in  considerable  quantities,  even  though  no  carbolic  acid 
has  been  brought  in  contact  with  them. 

I  do  not  wish  to  deny  that  this  fever  may  be  sometimes  due 
to  carbolic  acid,  but,  as  far  as  I  can  judge,  such  a  view  is  against 
the  evidence,  though  more  facta  are  required  before  we  cAn 
come  to  a  decision.  That  there  is  something  different  in  the 
result  of  administering  carbolic  acid  internally  and  applying 
it  to  a  wound  is  evident  from  thn  fact  which  Nussbaum  mentions, 
tliat  olive-coloured  urine  only  occurs  after  the  external  use  of 
carbolic  acid,  and  not  when  it  is  administered  by  the  stomach 
or  inhaled  into   the  lungs.     Surgeons  ought,  however,  to  be 

'  '  Ueber  Phenol-Au^iscUeiduog  bei  Rrankbciten/  CtmlralHaU  f,  d,  Mtd^ 
M'iuenscL  187B,  No.  30. 
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veiy  careful  in  attributing  elevation  of  temperature  in  their 
cases  to  carbolic  acid  [K)iBouing. 

In  Mr.  Lister's  pi*actice,  and  in  that  of  many  other  surgeons 
wlio  use  car])olic  acid  freely,  but  who  operate  ase}>ticully,  carbolic 
acid  poisoning  is  a  thing  of  very  rare  occxirrence,  indeed  I  only 
know  of  two  cases  treated  by  Mr.  Uster  in  which  serious 
symptoms  were  prenent.'  The  reason  of  this  is  that  Mr.  Lister 
brings  carl>a]ic  acid  as  Little  as  possible  in  contact  with  wounds, 
but  acts  strictly  in  accorflance  with  the  aseptic  principle,  and 
applies  it  freely  to  everything  tvhich  via y  come  incaniact  with 
the  wouiul  ratlier  than  to  the  wound  itself.  He  does  not  irri- 
gate wounds,  nor  inject  them,  nor  even  wash  away  the  blood  and 
dirt  from  the  line  of  incision.  The  surgeons  who  see  the  most 
numerous  examples  of  carbolic  acid  poisoning  are  those  who, 
led  away  by  the  dogmatic  statements  of  eminent  men  to  the 
effect  that  the  gotxl  results  of  Listerism  are  solely  due  to 
cleanliness,  apply  this  view  to  the  treatment  of  their  cases, 
irrigating  and  wasliing  wounds  freely  with  carbolic  acid,  to  the 
great  detriment  of  the  wuunds  and  the  patients. 

In  the  treatment  of  carbolic  acid  poisoning  the  first  thing 
is  of  course  to  remove  the  carbolic  acid.  This  may  \m  done 
without  at  the  same  time  abandoning  the  aseptic  method.  By 
the  use  of  euca!yi)tu8  gauze,*  or  by  the  use  of  salicylic  or 
iodoform  dressingy,  the  patient  may  have  the  benefit  of  the 
exclusion  of  organisnis  without  the  risks  of  ]x>iso!iing.  In 
severe  cases  Nussbamn  axlvises  the  subcutaneous  injection  of 
three  milligrammes  of  sulphate  of  atropia,  which  he  says  has  a 
beneficial  effect  on  the  vomiting  and  saLvation  ;  he  also  advises 


'  In  both  of  thc»e  caaea  there  waa  elevalinn  of  temperatnrp-,  but  it  does  not 
neoeMarily  follow  that  it  was  doe  to  carbolic  acid.  Tbe  discusaion  of  this 
sahjeci,  and  tho  specula)  ions  In  which  one  might  iadul^  with  regard  to  it,  are, 
however,  not  miitcd  for  the  prosont  work. 

*  J  liave  examined,  by  tneanit  of  Koch's  method  of  staining  bacteria,  a 
number  of  wounds  treated  witti  eucalyptus  gauxe,  and  in  a  very  considerable 
proportion  of  them  bacilli  were  found.  I  therefore  cannot  recommend  the 
eucalyptus  dressings  as  t>eing  equal  to  those  with  carbolic  acid.  As  we  have 
already  sven,  micro-organ iitms  are  not  found  in  wounds  treated  with  carbolic 
»cid,  or,  if  present,  they  are  only  micrococci.  I  have  not  Found  bacilU  under 
carhotic  dn^Mingx.  On  the  contrary,  with  eucalyptus  oil,  though  sometimes 
DO  urganitans  are  present,  yet  in  a  considenible  number  of  cues  bacilli  may 
he  found  ;  microoocci  are  but  seldom  bccu. 
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that  the  patient  should  be  |>acked.  Where  coUapse  is  present 
Nussbaimi  haa  derived  beneHt  from  the  use  of  the  following 
means  :  friction  of  the  chest,  of  the  hands,  and  of  the  soleit 
of  the  feet  with  a  brush,  and  the  subcut-auoous  injection  ot 
ether  and  camphor.  In  milder  cases,  besides  the  removal  of 
the  carbolic  dressings,  he  advises  the  use  of  sulphate  of  soda  an 
follows : — 


Bnlphmte  of  Soda      . 
Diatilied  Water 
BjTup  of  iUspberrics 


5  ports. 

100  parts. 

S5  parts. 


Two  tablpspoonfula  of  this  mixture  are  given  every  two  hours. 
This  method  of  treatment  was  proposed  by  Baumaun,  who  found 
that  carlxjlic  acid  was  not  excreted  by  the  kidneys  aa  carbtilic  acid, 
but  in  the  form  of  a  non-poisonous  compound  with  sulphuric 
acid.  It  is  with  the  view  of  obtaining  this  non-poisonous 
compound  that  the  sulphate  of  soda  is  administered.  It  is 
said  not  to  do  much  good.  I  have  myself  had  no  experience 
of  it. 

The  so-called  'carbolic  eczema'  has  been  brought  forward 
by  some  writers.  I  have  already  referred  to  it,  and  mentioned 
the  use  of  salicylic  acid  cream  as  a  preventive.  It  has  been 
attributed  alternately  to  carbolic  acid,  to  the  paraffiu  and  to 
the  resin  in  the  gauze,  but  as  I  have  already  explained,  it  seems 
to  nie  in  some  cases  more  probably  due  to  a  fermentation  of 
the  discharges  caused  by  micrococci  (see  p.  232), 

In  two  cases  I  have  known  a  carbolic  acid  dressing  blister 
the  skin  in  a  few  hours  and  have  to  be  abandoned.  Here, 
however,  as  1  have  before  said,  it  was  merely  carbolic  acid,  not 
the  aseptic  method,  which  was  abandoned  ;  another  antiseptic 
was  used  in  its  stead. 

Another  argument  has  been  brought  forward  against  the 
ase[)tic  method,  viz.,  that  it  distracts  the  attention  of  the 
surgeon  from  the  constitutional  state  of  his  patient.  Such  an 
argument  has  no  foundation  in  fact.  Are  the  precautions 
necessary  to  attain  the  single  object  of  the  exclusion  of  micro- 
organisms from  wounds  more  likely  to  divert  the  surgeon's 
attention  from  the  constitutional  state  of  his  patient  than  the 
numerous  cares  as  t/O  ventilation,  nursing,  and  so  forth,  with 
which  the  surgeon  who  trusts  to  cleanliness  alone  is  harassed  ? 
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In  the  great  majority  of  simple  fractures  no  attention  is  paid  to 
the  constitutional  state  of  the  patient ;  tin*  limb  is  placed  in 
splints,  full  diet  is  onlered,  and  the  patient  is  l*»ft  till  the  bones 
unite.  Why  is  it  thought  necessary  to  attend  to  the  constitution 
of  the  patient  when  the  bone  is  divided  by  an  incision  through 
the  skin  ?  Because  under  ordinary  circumstances  inflammation, 
suppumtion,  fever,  and  other  hurtful  consequences  are  apt  to 
occur.  But,  as  we  have  seen,  the  aseptic  method  avoids  all 
these  dangers  and  makes  thi^  wound  practically  subcutaneous. 
Where,  then,  is  the  n(»ccssity  for  attending  to  the  constitution 
more  than  in  the  case  of  simple  fracture?*  But  further,  as 
Mr.  Lister  himself  has  pointed  out,  such  an  argument  is  of  no 
weight  in  presence  of  the  facts;  for,  if  Mr.  Lister  gets  such 
avowedly  goofl  results  (Iwttt^r  than  those  obtained  by  surgeons 
who  i>ay  great  att(»ution  also  to  the  constitution),  and  at  the 
same  time,  as  is  however  wrongly  alleged,  neglects  the  con- 
stitutional state  of  his  patients,  such  a  fact  would  be  an 
additional  argunn^nt  in  favour  of  aseptic  treatment,  and  only 
prove  the  great  efticiency  of  th<^  method. 

Then  it  is  said  that  the  method  is  costly,  and  therefore 
not  applicable  in  the  case  of  jK>or  [patients.  Now  no  doubt 
each  individual  <lr**ssiiig  is  costly — costing  at  the  most  \0d.  or 
Ifi.,  though  generally  much  h'ss — but  then  these  dressings,  after 
the  iirst  two  or  tlm-c  <luys,  require  to  be  changed  only  at  rare 
interval>;,  and  I  have  ealculatefl  that  in  most  cases,  with  of 
course  some  exceptions,  the  dressings  are  really  in  the  long  run 
cheaper  than  water  dn^ssing  changed  once  or  twice  daily.  But 
further,  tlie  asei)tic  method  saves  expense  in  many  other  ways. 
As  the  patient  has  no  j»ain  nor  fever,  it  is  only  in  a  few  cases 
that  a  tmined  nurse  is  rcijuinnl ;  any  sensibh*  friend  or  servant 
can  attend  him  cpiite  w«»ll.  And  as  ho  is  not  suffering  from 
fever  nor  wt'ak*Mied  by  pn)fuse  discliarges,  he  frequently  does 
not  require  stimuhints  or  tonics,  indeed  in  Mr.  Lister's  j)raetice 
these  are  seldom  ordered;  this  advantage  is  no  doubt  to  some 

'  It  mnst  not  lie  supposed  from  this  that  I  wuu!<l  arlvisc  the  ncg^lect  of  the 
confltitutional  state:  of  the  patient.  On  tlie  contraiy,  every  care  ought  to  be 
taken  to  attend  to  liyericnic  conditions,  and  by  means  of  {?ood  diet  to  support 
his  strengtii,  or  by  suitable  dru^rs  to  attempt  to  remedy  any  constitutional 
defects. 
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extent  counteracted  by  the  fm*t  that  the  jjatient  htis  an  excel- 
lent appetite.  Further,  woundH  heat  uu  an  average  more  quickly 
than  when  treated  by  the  ordinary  metUtxi(»,  and  a,s  the  patient 
Ih  not  weakened  by  the  preneuee  of  fever  or  diweharge,  the 
period  of  convalescence  is  shorter.  This  is,  of  course,  of  the 
greatest  imj)ortance  to  the  bread-winner,  for  he  is  well  and 
back  at  his  work  while  the  {>atient  who  has  not  been  treated 
Hseptically,  and  whose  wound  has  not  united  by  finst  int^ntiuii, 
is  still  undergoing  treatment  or  recruiting  his  powers  in  the 
country.  Thus  in  numerous  wayfj  of  which  these  are  a  few 
examples,  expense  \»  saved,  and  on  the  whole  this  treatment 
is  from  this  point  of  view  the  one  most  applicable  to  poor 
patients. 

Ijastly,  it  has  been  said  that  the  aseptic  method  gives  the 
surgeon  a  great  deal  of  trouble.  Now  there  is  no  doubt  that 
at,  tirst  each  o|)enitiou  and  each  dressing  requires  care  and 
tliought,but  then  the  dressings  are  unfi*equent,and  by-and-byc 
the  method  bei-omi's  more  or  h:ss  instinctive.  Tliis  argument 
of  trouble  could  not,  however,  be  seriously  upheld  for  a 
moment^  for  if  a  system  is  good  it  must  be  carried  out  in  spite 
of  the  trouble  involved.  Why  does  one  take  so  much  trouble 
in  perfecting  onc\s  anatomical,  physiological,  or  practical  know- 
ledge but  simply  with  the  view  of  being  able  to  treat  his 
patients  better  ?  For  the  same  reason  the  trouble  onght  to  be 
ungrudgingly  exj^ended  here.  And  if  there  were  no  other 
rertsi:»n  (such  as  the  safety  and  well-doing  of  the  patient),  the 
relief  from  anxiety  on  the  part  of  the  surgeon,  and  the  feeling 
of  certainty  as  to  the  result,  are  of  themselves  a  sufficient 
reward  for  all  the  trouble  bestowed.  The  chief  point  which  is 
laid  stress  on  as  giving  rise  to  increased  trouble  is  the  use  of 
the  spray.  I  have  already  discussed  this  question  at  pj).  73> 
120,  and  364,  and  I  have  also  pointed  out  the  methods  by 
which  treatment  witliout  the  spmy  may  be  carried  out.  As  1 
have  said,  the  spray  is  the  least  necessary  of  all  the  precau- 
tions, because  fewer  micro-organisms  are  present  in  the  »ir 
than  on  surrounding  objects,  and,  Ihercforc,  the  puritication  of 
the  air  is  the  least  important :  ftirther,  if  any  particlijs  do  fall 
on  the  wound  from  the  Jiir,  they  may  be  readily  destroye<l  hy 
washing  the  surface  of  (he  wouiul   with  an  autiseptic  lotion. 
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I  have  already  pointed  out  that  the  spray  can  be  dibpeiised 
with,  and  tliat  operations  can  l>e  performed  without  it;  it  ain- 
not,  liowever,  be  safely  alwindoned  without  :i  subylitube  being 
provided  m  the  shai>e  «>f  frequent  irrig:ition  of  the  wound.  In 
proof  that  aseptic  surgery  may  he  carried  on  without  1  h*i  spmy, 
we  Iiave  Mr.  I-ister's  work  fif  several  years — and  very  successful 
work  it  was  t<.)o — before  he  introduced  the  spray ;  but  then 
while  he  performed  the  operation  he  constantly  poiu-ctl  larbolic 
oil  or  carbolic  lotion  into  the  wound,  and  in  dressing  the  ciiKe 
he  had  a  current  of  the  oil  or  lotion  flowing  over  the  wound. 
Then  further,  we  have  Mr.  Callender'B  ex]>erience.  He  prac- 
tically employed,  with  some  modifications,  Mr,  Lister*s  origlmd 
method  with  carbolic  oil,  and  his  results  were  good.  And, 
in  1879,  Trendelenburg'  jiublished  the  results  which  he  had 
obtained  without  the  use  of  the  spray.  He  employed  the 
method  of  continually  irrigating  the  wound  with  earhilic  lotion 
while  he  i>erformed  the  operation  and  while  he  dressed  the 
wound.  And  his  residts  are,  in  the  main,  as  indeed  was  only 
to  be  exj>ected,  aseptic  results.  He  mentions  eighteen  cases 
where  hydroceles  were  o(»ened  and  successfully  drained  ;  eight 
eases  where  the  sheaths  of  tendons  or  ganglia  were  opened 
without  local  reaction ;  twelve  cases  in  which  joints  were 
opened,  in  only  one  of  which  was  there  inflammation;  and,, 
tive  osteotomies,  of  wliich  one  died  of  tetanuH,  the  others 
doing  well.  The  spray,  however,  luis  advantages  which  seem 
to  me  far  to  oiitweigh  its  disadvantages.  In  the  first  place,  1 
think  it  is  really  less  trouble  to  have  a  spray  ]>liiying  over  a 
jtjtrt  than  to  Ix;  continually  irrigating  it  with  carbolic  Uttion. 
Fiu-ther,  there  is  a  feeling  of  certainty  attending  an  operation 
conducted  undtrr  the  sjimy  (see  ]>.  lioOj,  for  if  no  spray  is  used 
septic  particles  may  fall  into  the  wound  and  escape  the  action 
of  the  lotion;  this  is  most  likely  to  be  the  case  while  the 
wound  is  being  stitched  up,  and  these  jiarticles  may  be  pro- 
tected by  the  blooil  <'lot.  from  tjie  action  of  the  carbolic  acid, 
and  may  not  be  destroyed  by  the  clot  or  the  living  tissues, 
but  may  devflup  and  cause  fermentation  in  the  wound.  lastly, 
the  spray  has  this  great  advantage  (tver  irrigaliou,  that  less 
carlK)lic  acid  is  applied  to  the  wound,  and  thus  there  is  less 
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irritation  of  the  cut  surface  and  lees  chance  of  ab8or|)tion  of 
carbolic  acid  into  the  systenu  It  amnot  be  a  g^KKi  thing 
fither  for  the  patient  or  for  the  wound  to  be  constantly 
deluging  it  with  strong  carbolic  lotion. 

The  whole  principles  of  wound  treatment  mfiy  be  summed 
up  in  the  one  word — Rest.  ThiB  hiis  been  urged  by  many 
writers,  from  Magittus  downwards,  and  indeed  before  the  tiine 
of  Magatus  ;  l)ut  it  is  only  within  the  last  few  years  that  science 
has  so  far  advanced  as  to  enable  ust  to  grawp  the  whole  signifi- 
cance of  that  t-erni  as  apjdied  to  the  treatment  of  wounds. 
The  causes  of  Unrest  may  be  mechanical  or  chemical.*  The 
mechanical  canseti  consist  of  movement  of  the  ]mrts,  of  the 
presence  of  foreign  bodies,  of  tension  in  the  wound,  and  so  on  ; 
an<l  they  are,  as  a  rule,  easily  avoided  by  the  use  of  suitable 
appanil  us,  by  the  removal  of  mechanical  irritants,  or  by  providing 
against  the  occurrence  of  tension ;  and  inasmuch  as  they  are 
easily  avoided  they  are  com|>aratively  uuim]tortant.  The  most 
important  and  the  least  easily  j)reventiYl  are  the  chrmical  anises 
of  Unrest,  and  these  maybe  divided  into  two  great  classes: 
1.  Wliore  the  rheinical  substance  is  merely  something — a  salt, 
or  an  acid,  or  an  alkali — added  to  the  wound  from  without, 
such  as  carbolic  acid.  Such  a  chemical  clause  will  act  only  in 
proportion  to  the  amount  added,  to  its  imtating  ])ropei*ty,  and 
to  the  length  of  time  that  it  remains  in  contact  with  the  surface 
of  the  wound.     When  the  original  quantity  is  exhausted  the 

'  Mr.  Lifiler  long  ago  divided  the  canses  of  Rnppuration  into  three  great 
groups:  ].  Putrefactive  auppumtion  where  it  wna  duo  Xa  the  presence  of 
putrid  mnterial!* ;  '1.  Antijscptic  suppuration  where  it  was  due  to  the  presence 
of  iK>me  chouticiil  itiibstsuice,  sticli  ah  the  imtiKe]jtic  empIoye<1  in  the  treatment 
of  the  woand  ;  3.  Sappuratiim  tlic  resnlt  of  ncrvoiut  distnrhnnco,  as  in  tension. 
Tbia  classifical ion  still,  I  think,  holds  ^ood,  notwitlistanding  the  recent  work 
of  Dr.  Ogston  referred  to  at  pp.  248,  253,  wlio  htm  expressed  the  opinion  that 
all  acute  absce^es  are  due  to  micro-orgiinisins.  The  ob^^ervattons  wliEchl 
have  publi*vhed  at  p.  251,  and  olhers  wliich  I  bronght  forward  at  the  recent 
meeting  of  the  Internal ionnl  Medicji)  Congress,  seem  (o  mo  to  go  againsf  this 
view.  At  the  Cnngroaw  Mr.  Linter  nlwi  (jointed  ont  a  number  of  clinical  facta 
which  proved  thai  other  causes  of  acute  inflammation  and  snppunition  wcist 
besides  the  action  of  micro-organisms.  I  do  not,  of  course,  deny  that  micrn> 
organisms  are  the  canse  of  many  of  tlie  acute  abscesses  in  which  they  an* 
found,  but  I  think  that  in  some  they  are  accidental,  and  that  suppuration 
may  l>c  induced  otherwise  than  by  their  action. 
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chemical  irritation  ceases.     2.   The  other  cause  of  chemical 
Unrest  is  where  the  chemical   substance  is  being  constantly 
fonned  in  the  wound.    Here  we  have  murh  the  most  formidable 
cause  to  deal  with,  for  there  is  no  exhaustion  of  the  substance, 
but,  on  the  contrary,  continued  formation  of  fi-esh  material  so 
lon;^  as  the  ('auses  of  this  formation  are  prc^scnt  in  the  wound  ; 
and,  as  we  have  seen,  the  eradicatiuu  of  these  causes,  once  they 
have  entered,  is  a  very  difficult  matter,  and  thus  these  causes 
of  Unrest  are  the  most  important.     Tti  interfere  with  these 
causes  of  Unrest  is  the  main  object  of  antiseptic  surgery.     The 
prevention  of  their  entrance  is  the  si)ecial  aim  of  aseptic  treat- 
ment.    The  prevention  of  the  entrance  of  micro-organisms  is, 
as  we  have  already   seen,  apjwireutly    much  more   easily   and 
better  accomplished  than  their  destruction   after  they  have 
entered.     And  further,  in  attem])ting  their  destruction  after 
their  admission,  the  wound  is  subjected  in  a  marked  degree  to 
chemical  Unrest  of  the  first  class.     The  ideal  wound  is  a  sub- 
cutaneous one,  kept  at  perfect  rest.     We  have  not  yet  attained 
this  ideal,  for  even  with  the  aseptic  metliod  there  is  a  certain 
amount  of  Unrest  caused  by  the  antiseptic  employed,  by  the 
stitches,  by  the  apjwimtus  for  ilruinuge,  and  by  the  dressing 
itself.      Nevertheless,  the  e&sential    elements  of   Unrest  have 
been  abolished  by  this  method,  and  the  disturbances  from  the 
antiseptic,  from  the  stitches,  and  so  forlh,  have  be<m  reduced  to 
a  minimum,  and  now  hardly  rmike  themselves  evident.     That 
art  will  still  further  perfect  the  treatment  of  wounds  there  can 
be  no  doubt ;  but  whatever  development  occurs  in  the  futm-e,  the 
great  principled   of  Listerisni,  the  exclusion  of  the  chief  causes 
of  chemical  Unrest,  and  the  reduction  of  the  action  of  the  other 
causes  Xo  a  minimum^  must  form  the  groundwork  of  any  system. 
In  conchisiou,  I  cannot  too  strongly  express  my  conviction 
that  the  scientific  basis  of  wound  treatment  should  hold  the 
most  prominent  place,  and  tlmt  it  is  only  by  a  thomugli  know- 
ledge Kii  natural  [»henomena  in  all  their  bearings  that  the  best 
practice  can    be  carrieil    out  and  the    best   residts    obtained. 
Loose  observations  and  loose  and  vague  ideas  as  to  probabilities 
wliich    Imve    no   foundation    on    tlie    facts  of   nature,   cannot 
advance  art  in  any  way.     Natural  phenomena   are  generally 
found  to  differ  from  the  conception  which  man  in  his  ignorance 
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is  apt  to  form  of  them;  iind  therefore  any  Htatementj*  on  any 
subject,  to  be  of  value  in  the  development  of  thai  snbjeLt, 
must  be  fomided  on  knowledge  aud  rigid  application  of  the 
facta  of  natm'es  whether  or  no  these  faiita  seemed  at  first  sight 
probable  or  sufficient  explanation  of  the  phenomena.  That 
advance  f^n  only  be  blind  and  imperfect  till  the  true  law  of 
nuture  is  discovered  in  well  illustrated  by  the  history  of  wound 
treatment  io  former  yeara.  Through  the  darkness  whieli  then 
reigued  glimmers  of  light  had  at  times  jjenetratedj  but  no 
true  and  lasting  progreea  was  maJe  till  quite  recently,  "when, 
chiefly  by  the  scientific  labours  of  two  men — Pasteur  and 
Latter — a  flood  of  light  has  been  thrown  on  one  of  the  mo»t 
obeoiire  subjects  in  naturej  and  the  foundation  of  rationjil 
methods  of  treatment  on  rational  and  scientific  principles  ha*_ 
been  followed  by  inestimable  advantages  to  mankind. 
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EXPLANATION  OF  THE  PLATES. 


7'A*'*'  $jtrrimenM  hape  bevH  drawn  bi/  the  aid  of  the  Canwra  LuHda^  and  Zeii 
fcatrr-iittnwrtioH  or  oil-immertivn  ItHMet  m^re  those  chiefly  employed. 


PLATE  I. 

KHt.  PAOB 

1.  Micrococci,  from  a  wound  treated  aseplically,  growing  in  infoaion 

of  c  Ileum  Iter,      x  1450 281 

2.  S[iecimen  of  di»cliargu  taken  from  a  case  of  compound  dislocation 

(if  the  thumb  not  treated  aseptically.     Contains  numerous  mioro- 
orjranisnis.      x  1450 336 

o.  SpL'cimoii  uf  thu  dischazge  from  a  case  of  wound  of  the  scrotum  not 

truutt'd  :iM!ptically.  Contains  numerous  micro-organisms,    x  1460     236 

4    Discliar^c  from  a  ciuo  not  treated  aseptically.     Bacilli  and  pus 

cells.      xlir,0 235 

5.  Dii^charge  from  a  case  of  amputation  treated  by  irrigation.     Red 

blood  corpuscles,  leucocytes,  a  few  bacilli,     x  1450        .         .         .     236 

ti    Uischap^u  from  a  chk!  of  excision  of  the  hip-joint  treated  with  anti- 

.scpties.     Micro-organisms  and  blood-corpuscles,     x  1460     .        .    236 

7.  ULschai^e  from  a  case  of  Symc's  amputation  treated  with  antiseptics. 

Pus  corpuscles  and  micro-organisms,     x  1030         ....     236 

8.  Discharge  from  a  case  of  empyema  treated  aseptically.  Leacocytes : 

no  micro-organisms,     x  1030 237 

PLATE   II. 

II.  Discharge  from  a  case  of  empyema  treated  aseptically ;  taken  at  a 
later  j>eriod  than  that  in  tlie  specimen  from  which  fig.  8  was 
drawn.    No  micro-organisms,     x  1030 237 

10.  Discharge  from  a  case  in  which  a  diseased  knee-joint  was  incised 

aseptically.     No  micro-organisms,    x  1030 238 

11.  12,  i:i,  and  14  are  from  specimens  taken  at  different  times  from  a 

case  treated  aseptically.    The  first  tliree  specimens  are  free  from 
micro-organisms ;  the  last  contains  micrococci,     x  7iK)  .        .    239 
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EXPLANATION  OF   TBE   PLATES. 


VUL  rAOR 

15  and  16.  Taken  from  a  case  of  eictsion  of  the  mamma  treated  with 
aseptic  precautiuiis.  Fig.  16  cootain^j  nu  micru^orgaDisms.  x  790. 
Fi^.  14  ooataiiis  numerous  miorooocoi.    x  560       ....    210 


PLATE   111. 

17.  Specimen  £rom  a  ca^^e  of  operation  performed  with  aaeptio  precau- 

tions.   Contains  a  few  microoooci.    x  1030 240 

18,  19,  and  20.  Specimens  to  Ulu»lrate  the  mode  of  enlrance  of  micro- 

cocci into  woundfi  treated  aseptically.  Fig.  18  shuwd  discharge 
taken  from  the  drainage  tube  on  March  81.  No  micro-oi^anisms, 
X  7B0.  Fig.  lU  shovrs  discliarge  Uiken  fiom  the  edge  of  the 
dressing  on  April  4.  Micro-org-.inisme  are  present  x  1030.  Fig. 
20.  taken  from  draimigo  tiibo  on  April  4,  oontains  no  micro-organ- 
isms.     X  KKiU 241 

21,  22,  23.  and  21,  illuatratc  tho  same  point.  Fig.  31.  taken  from  The 
gauge  on  April  4,  contains  a  few  micrococci.  Fig.  22  taken  from 
the  inner  drainage  tube  on  April  5,  contains  no  micru-orgauidms. 
Fig.  23,  token  from  the  inner  drainage  tube  on  April  8,  contains 
one  or  two  micrococci.  Fig.  24.  taken  from  an  enter  drainage 
tnbe  leading  into  un  absoeaa  cavity,  on  April  15,  contains  no 
organisms.  Figs.  21,  23,  and  24  aLw  illustrate  the  fact  that  the 
leucocyles  fountl  in  exudations  from  wounds  treated  aseptdoally, 
frequently  do  not  appear  ua  healthy  pus  cells,  but  seem  to  be  de- 
generating, or,  if  derived  from  tlie  tissue  corpuscles,  perhaps  to 
have  been  imperfectly  developed.    All  the  bpccimetis  arc  x  1U!)0    242 


PLATE  IV. 

SS.  Qwwth  of  micrococci  as  observed  under  the  microscope  by  Mr. 
Lister.  It.  Oroup  at  856  a.ni.  b.  Same  group  at  9*4  a.m. 
c.  Same  at  9*80  a.m.    d.  Same  at  10-36  a.m 244 

26»  27,^and  28  represent  micrococci  growing  in  varirios  raiitcrlals.  Fig. 
26,  discharge  fmm  the  wound  ftom  which  the  micrococci  were 
taken,  x  600.  Fig.  27,  the  same  micrococci  growing  in  vitreous 
humour,  x  lOlM-  Fig  28,  thesame  growingin  cucumber  infusion 
aft«r  having  previously  lived  \n  meat  inf osion.     x  1030        .  245 

29.  Pas  taken  from  a  chronic  abscess,  contains  no  micro-organisms. 

xl030 «W 

30.  Pus  taken  from  an  acute  abscess  of  the  mamma  when  opened,  oou- 

tainn  micrucucci.      x  1U3U        ........     254 

31.  Pus  token  from  an  acute  abscess  of  the  finger,  contains  microvocci. 

x  1030 264 

32.  Fas  taken  from  nn  acute  abscess  of  tbo  groin  when  opened,  oontains 

strepioooooi.     x  1030  £56 
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PLATK   V. 

no.  PAOM 

33  to  38  were  kindly  examined  for  mc  by  Mr.  K.  KcUon,  whose  skill  in 
micru-tcopicul  work,  and  more  especially  in  the  uses  of  illumina- 
tion, 18  so  well  known.  Thenc  specimens  have  been  drawn  from 
his  microscope. 

33.  Specimens  of  milk  which   had  been  preserved  witliout  boiling  for 

several  montlM.    iJontaina  no  organisms 41 

34.  specimen  of  the  deposit  in  a  beaker  containing  cucumber  infusion, 

into  w^hich  the  spleen  of  an  animal  liad  been  dropped  some  days 
previously.    No  micro-organisms 46 

35.  Specimen  of  dust  collected  and  stained  with  methyl  violet.     One  or 

two  bodies  arc  present  which  are  indistinguishable  from  micro- 
cocci and  bacteria,  and  have  taken  up  the  stain    ....     198 

36.  St>ecimen  of  disclmrgc  taken  on  April  13,  from  a  case  of  removal 

of  lo«>so   cjirttluge  from   the    knee-joint  in   which   suppuration 
oc;curred.     Conl:Lins  oval  organisms 454 

37.  Specimen  of  discharge  taken  on  April  18,  from  the  .same  ca.sc    .        .     455 

38.  Discharge  taken  on  April  22,  from  the  same 466 

9.  Piece  of  liver  introduoc<l  into  the  ab<lominal  cavity  with  aseptic 
precautions,  examined  24-48  hours  later.  Leucocytes  have  pene- 
trated between  the  lobules  of  the  liver,  and  at  the  upper  {>art  of 
the  figure  have  ulrea^ly  become  spindle-shaped  (Hartnack  3  eye* 
piece,  7  objective).    From  Tillmanns 676 

40.  Piece  of  dead  liver  after  17  ilays  in  the  abdomen ;  organisation  of  the 
leucocytes  into  fibrous  tissue,  vessels,  £:c.  (Hartnack,  2  eyepiece, 
7  objective).       From  Tillmanns 675 


INDEX 


ABO 

AltDOMKK,  wounds  of,  aseptic  treat- 
inentf  115 
Ahrrnethy    on    treatment  of   woumls, 

30(J 
Abia:{enoti>id,  th«ori('-i  of,  145 
Ab8cu:!bH!s,    uctilu  iiticrO'or^DUiufi    in, 
353 

—  xif^nilicanoe  of  niicriHXJCci  in,  355 

—  AnH  on  uHpinition  of,  ;^lH) 
^  aseptic  dminagu  uf,  110 
--  iuk:ptic  truatment  of,  109 

—  -  clironic,  effiictM  of  air  on,  Aherm^thtf 

on,  30rt 
//.  ///  //  on.  •M)6 

—  — -I.  Mnnni  on,  SOtJ 

■ ■  —  //.  Munro  on,  iJO*» 

—  relation  of  inirro-or^'anittnM  to,  25;l 

—  treutmenl  of,  J'tin'mm  on,  jJ12 
Jii4-/tfrt'  i,n.  :M^ 

—  luiiiluir.     Sep  I.umlj:ir  absce**. 

—  near  anus,  siscptio  trcatmmt  of,  1 12 

—  n«ir  pubi.s.  dressing:  of,  105 

—  of  hip-joiiit.     See  Hip-joint. 

—  uf  joints,  a-septic  treatmi'nt  of.  443 

—  Iterineal,  atitptic  treatment  of,  1 12 

—  {>8oas.     See  I'soas  ;ibrtccs». 

—  retropharyngeal,  aseptic  treatment 
of.  110 

—  spinal,  recumbent  poHition  in,  1 1 1 

—  tiioracic.     See  Kmpyoma. 

—  valvular,  treatment  of,,J/'*r//c/Ay  on, 
.307 

—  vertebral,  alisence  of  Htatistics  of, 
5Ht» 

—  —  aseptic  C4>urse  of,  SI!*,  538 
imtholo^y  of,  555 

—  -  results  of,  517 

time  for  oi>ening  of,  filfl 

Abiv)r|jtion  by  gnmulationN, //ar^  on, 

268.  2fJt>,  107 
Adttm*  on  Hubcutaneou:^  sui^crv,  321, 

322 


ANT 

Air,  cfTccts  of,  on  wounds,  Abfrnethj 
on,  30tf 

— Jienjamiii  Jidl  on,  305 

Jo/tn  JMl  on,  310 

JJfmarqua-y  and  Leeonte 

on,  331 

Ilumphrfy  on,  334 

John  JfunftT  on,  308 

— .}faf{^aiff»e  on,  331 

—  _ Alf^x.  Sfunro  on,  306 

—  —       -  -  liwjh  Munro  on,  306 

-  -    Prhi<flts  on,  305 

Valftte  on,  345 

-  _-      rW^etfw  on,  331 

-  oxaminaticm  by  the  Author^  108 

—  ....    _  pttgtrur,  165 
PoHchfty  163 

—  liltration  of,  through  cotton-wool, 
12 

—  «Scr/i/i<f//fH'j(csi)erimcnt8  with  heated,  0 
Albi'rt  on  oi^nition  on  joints.  447 
Albuminuria,  operations  in,  559 
Alcohol  &s  an  antii^cptic,  261),  348 

—  results  of  treatment  witli,  406 
Alculiolic  fermentation,  201^ 
Alumina,  acetate    of,   use    in  aseptic 

treatment,  139.  363 
Amputation  in  phthisic,  55t> 
Amutsat  on  irri^'ation,  341 
Anal  abscess,  aseptic  treatment  of,  112 
Aful  on  aspiration  of  abscu!>sefl,  300 
Animal  tissues  boiled,  fermentation  of. 

14,22,24 

unboiled,  fermentation  of,  46 

Antiseptic,  detinition  of  term,  1 

—  derivaticm  of  term,  I 

—  surgery,  history  of,  200 

— in  Hixtecnth  century,  2y3 

_. ac^vcnteenth  century,  296 

_.__.-.  —  eighteenth  oenturj'.  300 

-       present  century,  317 

meaning  of  term,  I,  145,  265 
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ANT 


Anriseptic  surgery,  pointit  in   tcstiog 
rct^olt,  367 

—  —  priririple-'i  i»f,  aH8 

—  -  reUiionti     to     fermcataiiotu    in 
woondif^  300 

rclAtinns  to  infoctire  dUease,  510 

—  -  results  of,  3GS 

fcummury  of  views  on,  up  lo  1800* 

3H 

—  —  variotk'?-  of,  itiiJ 
Antiseptics,  Hennion  oti  iitte  of,  H3fi 

—  ItUgurr  on  iwc  of,  3<ia 

—  OUhatch  on  usv  of,  2**7 

—  io  cittoiuon  UHC,  U4Hrr  u^. 
"  trvatinpnt  bj,  'J6A.  3<>7.  .')83 
hWtiiry  of,  347 

— Lidter'A  rejullA  in.  376 

relAtiou  tofvrmeQUUoB 

in  wouniis,  3At> 

—  rrlttt  ion  to  infective  discoftc,  40fi 

itryhrr'$  results  in,  *Ul 

^ApjHrrt't  tutttlioii  of  pr«>«vrviug   fruila, 

lea,  4 

miU.  16 

Anum/t  method  (if  wound  treat  ment, 

AmemanUy  trcuimetit  of  woiindfi,  318 
Afieptto    cturis,    tabic   of    Icmpeimtare 

vlii^ru  of.  At^ri 
AJHsptic  c<]ur»e  of    clironio    ab«o«»ce, 

51U.  63t«.  &55 
comp<.iund  fractures,  463,  S€3 

—  —  —  Ojierationii  on  joints,  421 

—  woands,  ouilim!  uf,  506,  67fi 

AwL'ptiu  uietho'l,  does  it  cxHude  miciD- 

urxaniiinis  frunj  woumls  ?  227.  4fi4 

—  —  does  it  prf'v»;nt  frrmentntions  in 
wounds  ?  2*J6,  3G0 

AAeptic  opemtions.  diet  after,  676 

dutu's  of  dnwsor  in,  72' 

orrors  in,  how  corn-ctt'd,  74 

—  —  exanjplc  of,  67 

li^ture  of  vest*!?*  in,  75 

on  joints,  results,  426 

temiK'rature  after,  676 

live  of  corholiscd  towel  in,  67,  72 

—  —  us«  of  guard  in,  f  4 
Aj*e|rtir  surfjcr)*.  dfflnition  of,  61 

—  —  gpDcral  rcsulls  of.    Ser  8iati.itica. 
prini'ipli*  of,  51,  52,  S61* 

'~-  —  rt'Uliuus  tiiinfuctive disease, 368t 

640 
Aseptic  temperature  cune,  5f*0 
Aseptic  trcninicnl,udvanla^*fl  pocoliar 

10,661 
l»caring  on  conservative  surgery, 

668 


Al'T 

Aifoptie  treatiueni,  oo«l  of,  £^3 

developuiunt  of,  13H 

exh-Djpit;  of  failure  of,  464 

—  —  cxperieneo  essfotial  in,  501 

in  couniry  practioe,  12t> 

in  wiir,  1313 

—  —  objections  to,  688 

of  iib»c»;*3,  l(*i> 

accidt-nial  wonnda,  112 

bnrsitiif,  368 

—  —  ^  bunifl,  117 
—  compound  fractoress  ll*i  ^^r 

—  — of  4kuU,  1 15 

oonltised  wounds,  1 13 

diasection  wound,  1 1  If 

gangrene.  1 17 

— gunshot  K-oundti,  123 

hydrtK-elo.  568 

— wounds  of  al>domeu,  116 

intestines.  1 16 

jointfi,  1 14 

— resultm  423 

luusicle*,  114 

Tierven,  1 1 4 

tendons,  1 14 

tbonut.  1 15 

relation  lo  erj-sipela-s  541 

—  —  tniablv  connected  with,  6lt4 

vme  of  ai-eUte  of  alumina  io,  130 

eucalyptus  oil  in,  140 

thymol  in,  139 

aalieyltc  iicid  in,  136 

Aseptic    wound*,    Afitfu*r   on     micro- 

orKuniitnifl  in,  221) 

drainage  of,  76 

micrococci  in.  243,  266 

stilchinjf  of,  86 

strapping  of,  66 

—  —  substitutes  for  corbcdic  acid,  136 
Aseptic  uspof  cotton  wool,  141 

salicylic  acid,  resulls  of,  4tH 

thymol,  results  of,  4<M 

Antf<or,  cxaoiinution  of  air,  iU8 

—  exi>eriraenls  on  de»tniciion  of  bac- 
ter^u  by  heulliiy  lis^iuea,  253.  283 

—  cx|)criment«  on  fennentaliun,  25 

of  blood,  36 

'-  —  —  micro-or^fanisms     in     aseptij 

wounds.  221) 
relation  tu  living  lK)dj 

2U5  ft  »e^. 
sponianeous  geneniticn,   It 

195.  200.  202 

—  on  fermentation  of  Ivoiled  urine, 
unboiletl  uniniul  tis»uo«, 

— —  egg  albumen,  43 
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AI:t 

Ahthnft  on  ftTinentiUion   of   unlx)iled 
milk.  3<.) 

urine,  'A7 

Axilla,  aseptic  dressintf  of,  100 


BACILLI    in    wounds   tj-eatwl    with 
eiicalyjituH  gaiigo,  iV.U 
Bactoria,  formation  of  pijrmrnt  by,  212 

—  Affrh'n  mctliofl  of  staining',  2Xi 

—  unrltT  A.  (iut''rin*«  drcwsintr,  320,  330 
Itandafco,  carb4)Uc  gituzo,  Hi) 

—  ela-siic,  yo 

—  muslin,  8t» 

tiandaf::in;^  of  ^au/r  dressing,  89 
Jlardeifln-N  on  LiHtcrisni,  3K1 
Jiardrnhetirr,  ri'sulta  with  aat^pt  ic  treat- 
ment, 4U 

—  HtitilsticK  of  coin]H»md  fmrtiirt's,  509 
JiarkiT  on  use  of  <'otu>n  wuni,  143 
Jiarite*  t>D  rusultM  t)f  ch*aniiiH'»s,  o48 
Jiartk't  htatiitticii  of  wituiuLs  of  joints, 

44i> 
Httrt»c7u'r  axn\  Vtzhi'*  ojwjn  mctlu^l  of 

treatint'nt,  277,  332 
JJartiiiM.    on    sp*)ntaiH'OM.s    generation, 

176,  181,  187,  I'.M,  l!Mi 
BataiUe  on  dre»sing«  with  aii-nhol,  348 
Jiell^  JienJamiM,  on   action  of  air  on 

woundti.  3(*o 

—  —  on  draina^fi  tnlx".,  30'> 

.  .  —  on  wound  tr'atnieni,  iM)4 
Helf,  tSir  i\,  on  removal  of  loose  carti- 
lafe-ea,  312 

—  —  ■-  MilH-'utaneiiuH  division  of  liga- 
ments. 319 

Jfg/I^  John,  on  rffects  of  air  on  woands, 
310 

—  —  -   tri-atmont  of  c<.)m|n>und  fnic- 
tures,  311 

.   woimds  of  joints,  311 

- wound  treatment.  312 

JfrUi*ftr  on  treatmiMit  <tf  wound.**.  300 
Jfrtinion  on  woun<l  tr<-;itnient,  33<» 
Jirrard  on  irrigation.  33!) 
Jtert/itia/i/i  tmgun.sliot  wounds  of  joints 

452 
Jiert  on  fermentation,  220 

—  —  >[Hintane<>us  generation,  181,  ISri, 
2(i| 

JiilffHfi'  on  results  of  compound  frac- 
tures, 302 
_-  —  wound  treatment.  302 
Billroth  on  mioro-organiMus,  243 

—  —  —  in  al>sot'.'*ses,  253 

—  statistics  of  septic  treatment.  113 


CAR 

Billmth  and  TiegH  on  fermGntation  of 

unboiled  animal  tissues,  44 
Itistournagc,  249 

JilrtHvhitrd  on  A.  Gutrin's  dressing,  326 
JihntinK  on  treatment  of  woumls,  292 
lUood,  fermentation  of,  33 
Hlmid  clot,  organisation  of,  ofiK 
JiiMfhtiarr  on  imtrefaetion  of  pus,  301 
I'loiled  sulmtances,  fermentation  of,  1, 

21) 
Itone,   gun.sliot  wounds  of,  results  of, 

512 

—  organisation  of,  571 

JioRHrtvn  cauterisation  of  wounds,  338, 

349 
iV>racie  acid  lint,  1)4 

lotion,  r>4 

ointment,  (14 

--  lint  dressings,  changing  of,  94 

—  -  use  of,  93.  2(J8 

wet,  in  place  of  poultice,  95 

ointment  as  a  dressing,  94 
lUmi*M*nt     method      of      ventilating 

wounds.  279,  337 
Jiotjer  or\  treatment  of  wounds,  314 
Untdie,  J).,  on  treatment  of  vuricoso 

veins,  319 
Jintiitt  on  earbf)lic  at;id  gauxe,  G3,  3fi2 

-     treatment  of  wounds.  291 
Jiryaiit  on  Lister's  operations  on  joints, 

440 
Jhiffon  on  sj)ontaneous  generation.  147 
Jinrtion-Saitdcrmn  on  fermentation  of 

lilood.  35 

—  .     .  . .  unboiled  animal  tissues, 

45 

micro-organisms      in      living 

body.  250 

s]x>ntaneons  generation,  188 

Iturns.  a.septic  treatment  of,  1 1 7 
linroir,  ojKin  method  of  treatment,  278 

—  on  results  of  the  (jpen  method,  H33, 
409 

Uursiti.s,  asejjtic  treatment  of,  5(i8 
Itutty  <m  iis'j  of  coal  tar,  351 
IJutton  stitches,  H5  • 
r.utyric  fermentation,  212 


f^.HtOTtm  rlilnrinated  sorla.  2fi9 
^      i't4ii)nard-/.tiiofi' ow  yeast  cells,  fi 
^Vi///'H^/r/*'*  method  of  wound  treatment, 

3ii3.  595 
Ctt/rrrt  on  carlK)Iie  acid,  352 
('timertm'H  .statistics.  371 
f'ttftf/iiniti  on  crust  formation.  338.  349 
CarUiIic  acid,  Jjnuiirr  on  use  of,  351 


^K^      <m               ^^^f                                            ^^^^H 

^^^v 

^^^H 

^^V               Carbolic  atnd,  oily  t^olutlont}  of,  53 

Clcanlinei^  definition  of,  543          ^^^^| 

^^H                potBoniiiir,  HA8  rt  »tftf. 

—  McViiil's  j^sultjs  with,  415           ^^^H 

^^H                flohitinn  fif.  in  u'lyrarinr,  51 

—  KnaMltauin'a  re(>ull!^  with.  3SK).  A94       ^H 

^^^^^         « subfltiLiites  for.  13C 

—  rcsulfp  of,  544  r/  fr/f.                            ^H 

^^^^K tin<liluU-«I. 

—  Savory's  riiniHfi  with,  414                     ^H 

^^^^^H oftc  in  treatment  bv  antiseptiut, 

—  trcfllinent  by,  iVt^                                 ^H 

^^^H 

—  value  of,  540                                          ^H 

^^^^H wmtery  snIalionH  of,  53 

—  Volkninnn's  result*  with.  385.  405      ^1 

^^^^■^        —  ocat^ma.  itH3 

Coal  Inr,  dyrnr  and  /Mmnaur  on.  3,50      ^M 

^^H                 Carbonic  ncid  (CIls  trt^iilnuMit  Sy,  :t:U) 

/ji'viairr  <*n,  350                                   ^H 

^^^^^         Carlilo^^cH,  looKc,  n'moviil  of ,  H.  //f/Zon, 

Cohtt  on  piirmtMit  Imclonn.  212                  ^M 

^^^B            3()5 

ppontaneniis  pcneration.  179           ^M 

^^^B        ^>  C*.  BeU  on,  aii' 

4'nlhntch'f  Method  of  Wound  treatment,  ^H 

^               iiaw.  Ontpct  on.  3l*J 

2»7                                                            ■ 

^^H                 C/ut**uig'ir  on,  Htll 

Cold  in  wound  trcatmvnl.   Sec  History  ^M 

^^1               —  O'ibtutn  ou,  ai:t 

of  Irrigation.                                            ^f 

^^B                 —  _  _  _  Lart'fif  <in.  451i 

Collodion,  use  of,  324                                 ^M 

^H                Ltrtriilf  on,  31 H 

Compound  frncturc9,«ccidcnta],  general  ^^k 

^^H                SjfdU-r  oiu  4(tO 

aaeptic  rc^ultf,  510                                ^| 

^H                 r^rt/rH  on,  308 

asrptic  counie  of.  4fi3                 ^| 

^H                Catalyms  2 

treatment  of,  lU,  461.  663         ■ 

^^H                Cut§rut  carbolised.  5ft 

J,  /frU  00,  i[\                             ■ 

^^1                chromic  (Listi-rf*),  o7 

eradication  of  putrefaction  in,  ^| 

^^H                —  chromic  (Mno.Kwf^n';)).  aS 

478                                                        H 

^H               —  (IraiDiige  by,  80 

intentional,  peneral  aseptic  re-  ^M 

^H               —  Uvter'a  pooket-hrvMer,  50 

su]t«,5n                                  ■ 

^^H                —  orgHninarion  in,  A71 

Lister's,  jmmmary  of.  484,  438        ^M 

^^B                 —  trough  for,  Ttii 

made  by  sur^ziNin,  464                        ^H 

^^1                —  nAc  as  a  lij^tttrc,  76 

of  clavicle  (surgeon).  4i)4                 ^H 

^^m               Cazt^fteutt  iind  Linm  on  fermentation, 

—  fciDur  (accidental),  table  of,  ^M 

^H                    218 

46«                                                            ■ 

^^H                of  unboiled  urine,  H7 

(«urpron),  table  of,  |K4          ^M 

^^M                on     spontuneons    (feueration, 

forcami  (accidental),  table  of,  ^M 

^m               ifir>,20i 

476                                                             ■ 

^^M                t'/ittJrrt  on  ukp  of  litne  chloride,  H4!) 

(surjieon).  table  of,  4I>B          ^| 

^^M                t'haNtjhonnihrf    on    resulU   of    aseptic 

humerus  (accidental),  tabic  of,  ^M 

^H                     livatinent,  :t!W 

474                                                            ■ 

^^H                Ch4nnmi{fnat'  on  occlusion,  323 

(surgeon),  table  of,  404              ^H 

^H                Ckattaigne  on  tmbculanooua    surgery, 

of   leg   (aooidentol),    table    of  ^H 

^H 

464                                                            H 

^H                ChtiMliAt,    Ouff    dt*,    on   treatment  of 

(surgeon),  table  of,  400         ^H 

^H                    wounds  2t)l 

limbe  (ocridcntal),  ffununary  of.  ^M 

^^H                r/ifttirnitt  on  bi8t4mmnf7n,  240 

47B                                                            H 

^^1                 f'lirf/rrt'n//w  on  drcMings  with  alcohol, 

lower  jaw  (fiorgcon).  summary  of,  ^H 

^H 

498                                                             ■ 

^^B                Chemical  formcnTaiion,  2 

Pott  5  results  in.  304                       ^1 

^^H                 i^kerrcul  on  iiM-  of  coal  t-iir,  3*j1 

results  of  aseptic  treatment  otp^M 

^H                rAirnf]  on  cat^Mit  dniin»,  80.  Hl>2 

^M 

^^H                ^  —  relrojjharynKeal  a*»»cc.-i«,  110 

—  nilfniet*  m.  3<^^                     ^| 

^^^^^H         • Aitualion    of    openinfy   in    psoas 

—  open  mothwj.  514                   ^H 

^^^H            nhsces.-^.           r>18 

of  skull  (accidental),  sumniarv  of,  ^H 

^^^^^^        -    and   AV//J-/  on  ftTUietituiion  of  un- 

■ 

^^F                    lM>il«'d  ;inini:d  tiNsiie-s,  4'J 

nseptio  treftlment  of.  U.*      ^H 

^^H                Chlorinated  sc>da  as  .in  antiseptic,  2(>U 

Condensed  beam  of  light,  use  of,   bjr^H 

^^M                Chlorine  sa  an  anti.«fpti(\  341) 

Prof.  TymbiU,  17                                     ^M 

^^H                ClHvicle,   oonip«iund  fractun-'H  of.    See 

Ck>n.-ervalivr  surgery,  bearing  of  aacptic^l 

^^m                   Cumpoand  fmctures. 

treatment  on.  562                                ^H 
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ContUMfd  wouiids,jiM*[tl.ic  iri-alinriit  of, 
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CtktjHr^     >'/*     Axfli'tf,     OtI      nll)H.>UtUIH,*(>llS 
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(\Mpery  lirtimtbif^iiU  sul>('uUinuoU.H  teno- 
tomy, iiiJI 
f.)ktjfrr,Mtiw.,im  ruinuvul  i»f  liM^st'CJirli- 

la-cs,  :n2 
Cttritt:  ami  ik'nu-tinyn  jmuviUt,  iJol 
Cost  of  asi'ptic  treutnicnt,  .V.Kt 
Cotton  wool,  asfuiic  usu  of,  141 
—  -     Ciirbolisnl,  <il» 

A.  tiurrin'!*  dri'SMn^r.  'JSO.  325,408 

Country  practice,  iisciitic  treatment  in, 
120 

nHHlo  t»f  ilrrssintr  in.  122 
I'roft  on  results  of  cU'anlinv.ss,  51!» 
Crust,  formation  of,  ',V.\Tt 

■  --  ll«misson  on,  2(i».  Xt7 
—  FallopiiLS  on,  2'.U 

-  -    -  -  J.  Hunter  on,  311),  33"* 

... Ncudorfur  on,  271,  27'.>,  H;J."> 

-  -  -  —  treatment  by,  27y 

CztrNy  on   re^jults    of    aseptic    treat- 
ment,  3*.I8 


•^     A7//fT/n>oMtreatiniiit  of  wounds, 

2it-t 
Jhli-aii  on  iR'rcldnrido  of  iiYin,  3.*»t) 
IMpn'h  on  sulKHitam'<»us  tenotomy,  '^V^ 
Dftttiif^utiy  ■  on     miom-nrgjuiisMis     in 

wound:^,  22H 

—  -  on  tn'auucnt  Ity  jrlyoerine,  31H 
-and  J^nmtv  v\\  Ciirbonic  acid  jjas. 

331 
Ik-mtanj'  and  ('ornv'»  jxiwder,  3.~>1 
JJrtmttzii-rnt  on  yeast,  *» 
Diefftmhaeh  on  stdi'Mitani'Ous  .surgery. 

3*20 
Diet  after  a'^ejdic  npi^Kiiions,  rt7tJ 
Dissection  wound,  aseplx  treatment  t>f. 

ll'.i 
Drain,  oatyut,  NO 

—  horse-hair.  82 

—  _.  reintroduelJiM)  of.  Kt 
Drains  aUsorl«iMe.  8t> 

Draina>;e  as  an  antiseptii-  meihnd,  271 

—  a».'plic,  <tf  atiM-ess,  lli» 

—  by  eapiUarity.  80 

--  n?  aiseplie  woun<ls.  7*1 
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Drainage  tube.s  fthstirl>jfcble,  83 
//.  ///  //  on,  305 

{Htsilionof  tidKi  in  a^iejitii:  woundft, 
78 

-  use  of,  7«.  458 

/>n///,  Lf,  on  pulrefaction  of  ptis,  30L 
Dresser,  duties  of,  in  aseptit^  ofHtratiun, 

72 
Dressiijjj,  aseptic,  axillary,  100 
iMinuic,  1'3 

—  of  breast  (3  metliofls),  07 

-  -  cium^'inj:  of,  ill 
deep.  (>8,  88 

—  errors  in  use  of  prote(*livn,  87 

excisions  of  joints,  107 

fixing  of,  89 

-  -     pcneral  ^uze,  81* 
---  -    of  hernia,  105 

-  -  --    hip-joint  aliscess,  104 
limbs,  101 

—  -  -  hw^sc  jT'iuze  in,  8'J 
of  lumltar  alwcess,  lt)4 

metluMl  of  ('ban|ring,  Ul 

of  neck,  1K> 

—  ovariotomy,  lOU 

psoas  abseess,  101 

-  scalp,  Ofi 

scmtuni,  105 

—  time  of  chnn^'ing,  1*3 
use  of  pins  in,  8!» 

use  of  proteeiivc  in.  87 

wet  <rauze  in,  88 

water.  21*2,  315 
Dressings,  aseptic,  in  eountrv  practice, 
122 

IH^nnanent,  Xcuhrr  on,  302 

—  -  use  of  s|iotJ<?cs  in.  122 

with  s:vli<\vlic  acid,  13fi 
J)um€i»  on  earliolic  :icid,  352 
/tifMfftn,  yfatthttm,  on  sapnemia,  367 
Jhipiiytrvn  on  sulicut;iueoiis  myotomy, 

WW) 
Ihiroy  on  itM*  of  iodine,  350 
Ihtxdi  and  SchrtH'dvr  on  fermentation, 
12 

of  bulled  animal  tissues, 
14 

-        milk.  14 
sp:»nlaiieous      generation, 
1 52 
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J     E;rtr  :dbunien.  boiled,  itobirtm  on 

fernu'iitation  of,  22 

tifhrofdtr  tui  fermentation  of,  1 1, 

15 
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Fermentation,  JA^hig  on,  9,  197,  209^^H 
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--  part icii late  theory  of,  1                           ^^k 

^^M               JCflinrttt,  Pttul  tV»  on  healing  of  wrmml«. 

—  l'n^teu^'fi  thcs»ry  of.  223                     ^H 

^H 

-  pigment,  212                                         ^H 

^^B                 Kmpyemn.  a.Hopti{-  tr^tnient  of.  III 

—  prevention  of.  51                                   ^H 

^^H                 Kneycloitt'die  Mi'thwHqne  on  purity  of 

—  putrefactive,  21S                                      ^H 

^H 

—  relation  of  micn^-or^nimna  to,  205  ^H 

^^H                 Kn>mftt'Aii6b4,  rletihitinn  of.  !» 

—  sommary  of  views  on,  17                    ^H 

^^H                KrirUiK^n on  luortnUtyiLfieramputation, 

—  of  tissues  in  the  living  body,  50         ^H 

^H                      414 

—  of  unlKiiled  animal  tiiwuCM,  44            ^H 

^^H                Errtitv  In  MKoptlc  operations,  bow  ror- 
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^H                     rectcrl. 

gntite  juice,  30                    ^^^^H 

^^H             .    RrvJ^ifKiljLs, relation toaseptiotroatmcnt. 
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^V 

Hubstnneef:.  30                     ^^^^| 

^^V                  KniHitrcb,   lutcptic    Irentment    in    war. 

^^^^1 

^H 

-    _  ^  r^ctablc  tissues.  44          ^^^^H 

^^K               —  irrigator,  273 

214                          ^^^H 

^^H               —  on  use  of  i€»d  waltjr,  341 

2,  2(m                       ^^B 

^^m                    fttntistics.  B»n 

Kermente.  theories  of  nctionw  of,  20J^^^^ 

^^B                 Eacal,vpta>  oil,  aRcplio  use  of.  140,  591 

/rmVr  and  Irr;'*  exj^'rimenta  on  mon- 

^^H                —  ointment,  141 
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^^H                 Exiuaion  of  joiiils,  aseptic  flrosning  of, 

Fii^rttrrnfi,  iKilxani  of,  347                          ^H 

^H 

Fijujhrr,    /:.*..    on    micro-organimu    UK^H 

^^H                 Kxhnu«tinn.  douthff  from,  554 
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^^^^^           Exo>t<isi9,  aiwpiic  treatment  of,  503 

—  Jl.,  on  U!)e  of  alumina  acetate,  353    ^| 
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^^^^m          JpAIiffOXr  on  renucn'atton.  3 
^^^^H          -^     PitfUftmimm  hraling:  under  a  CTti8t, 

Fore-arm.  eomponnfl  fractures  of.   Se«^H 
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^^^^ 

Fractvirpjs.  coniiwuml.     See  Compound ^B 

^^F                 Fitiirr  on  crnst  fornmtion.  3:i8 

fractun^.                                                 ^H 

^^H                 KoLiiur,  conipiniml    fniclureji  of.      Sec 

Frarttekei  and    Volkmattns  aeplic   re-^H 

^^H                     Compound  fraotnrvif. 
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^^^^H              witliout, 
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^H               substances,  14.  22,  24.  29 

Gauze,  earbidic.  bn.n^h4re,  Bl»              ^^^^B 

^^m                urine,  2(.  2H 

general  dressing.  89                ^^^^| 

^H                 —  lintyric.  212 
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^1 

^m        145  f^  »rg. 
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of  bacteria  by  hcaltby  tiaiiuoit.  'l^'^ 

Humerus,  compound  fracture*  of.    See                ^H 
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ment.  2(40.  323,  408 

JluHter,  J.,  on  biul  otfcnts  of  air,  308             ^^^^| 

thOHn,  jHir;  on  occlusion.  »2.S.  924, 
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sabcutaneoui  Hurijerj-.  320 

^^H 

OucTtdnt  on  UBS  of  chlorinated  soda. 
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TissiiCN  unlKiilftl  animal,  furmontution 
of.    See  Animal  tUsm's, 

—  -  vt'},'etaljle,  HohtrU  on  fermenta- 
tion of,  14 

Thedt'/i  on  woan<l  treatment,  UOS 

'fhentird  on  fermentiition,  4 

Theories  of  action  of  fermentM,  a03 

fermentation.   See  Fermentation. 
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Warm  bath.   See  History  of  Irrigation. 
War,  aseptic  treatment  in,  123 

—  results  of  iiseptic  treatment  in,  401, 
448,  512 

Water  dressing.    See  Dressing. 

Wt'lU,  SpetictTj  on  aseptic  ovariotomy, 
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HiV/Nff/t,  treatment  of  wounds,  296 
U'rtw/,  John^  on  advantages  of  aseptic 
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use  of  carbolic  acid,  357 
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results  of,  327,  408 
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-  —  salicylic  acid,  137 
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jidfl.  a£eptJc.     Bee  Aseptic. 
-  outline  of  courBe  of,  666 

-  contused,  aseptic  treatment  of,  113 

-  dissection,  aseptic  treatment  of,  119 

-  gunshot,  aseptic  treatment  of,  123 

-  micro  -  ot^nisms  in.      See    Uicro- 
organisms. 

-  ox  abdomen,  116 
intestine,  116 

joints,  aseptic  treatment  of,  114, 

419 

gunshot,  447 

results  of,  422 

muscles,  114 

nerves,  aseptic  treatment,  114 

-  —  tendons,  aseptic  treatment  of,  114 

-  thorsz,  116 

-  produced  accidentally,  aseptic  treat- 
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